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A NOVEL COLORIMETRIC BIOSENSOR FOR DETERMINATION 
OF CATIONIC SURFACTANTS 

M. Blazheyevskiy, Doctor of Chemistry, Full Professor 
O. Koval’ska, Assistant 
National University of Pharmacy, Ukraine 

Authors have offered a novel colorimetric biosensor for determination of acetylcholinesterase (AChE) activity and its inhibitors on the 
example of cationic surfactant Benzalkonium chloride (BAC) in aqueous solutions by taking utilization of H 2 0 2 - 4- ethoxyaniline (p-Ph) detection 
system. In the presence of AChE, acetylcholine (ACh) was hydrolyzed to choline and acetic acid. H 2 0 2 could interact with unreacted Ach, and 
in situ formed CH 3 C0 3 H can oxidize p-Ph to azoxyphenetole (ox p-Ph), resulting in the developing light brown colour and improvement of 
absorbance at 350 nm. A colorimetric method, developed for estimating the acetylcholinesterase activity using ACh as the substrate, measures 
the rate of ox- p-Ph formation and assay of the cationic surfactant BAC, being highly sensitive with a lower detection limit at 6-1 O' 7 mol/L. The 
obtained assay is fairly simple, inexpensive, which may be used for screening the trace amount of cationic surfactants. 

Keywords: cationic surfactant, colorimetric biosensor, Benzalkonium chloride. 
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Introduction 

Currently the monitoring of 
environment, in particular, permanent 
control of the presence of toxicants, 
has become a priority. Surfactants, in 
particular, quaternary cationic nitrogen 
atoms (QAC), are one of the widespread 
environmental pollutants. 

Cationic surfactants are one of 
the most widespread environmental 
pollutants. They can be found in personal 
hygiene products, numerous washing 
and cleaning agents, etc. After being 
used, surfactants are discharged into the 
environment in huge volumes that result 
in contamination of water ecosystems 
[1, 2]. Moreover, due to their ability to 
increase solubility of other pollutants, 
they are found in water in higher 
concentrations [3]. 

The main analytical methods of 
cationic surfactants determination 
include different types of LC [4-8], 
spectrophotometry with extraction of 
liquid-liquids [9-13], spectrophotometry 
with solid-phase extraction [14], 
spectrofluorimetry (SF1) [15], 

colorimetry [16-18], and potentiometric 
determination with ISE [19, 20]. Nuclear 
Magnetic Resonance spectroscopy 
without the requirement for solvent 
extraction, dilution or filtration was 
proposed as well [12]. 

The complex and expensive 
equipment, highly skilled personnel 
to work on it, as well as time- and 
cost-consuming sample pretreatment 
are the limitations of the discussed 


methods. Consequently, creation of more 
functional accurate, selective, fast and 
low-cost method is actually necessary. 

It should be noted, that in recent years, 
biosensors become an accepted part of 
analytical chemistry [21]. The literature 
review presented several biosensors used 
to determine cationic surfactants. At this 
point, the development of biosensors 
seems to be a promising approach. 

Cholinesterase is an enzyme vital 
for human organism. It is needed for 
proper functioning of the nervous 
system. Simultaneously, the use of 
Cholinesterase-based biosensors 

allows determining the trace amounts 
of surfactants in the environment. Due 
to its properties, Cholinesterase-based 
biosensors are worth paying attention to. 

The detection schemes include 
amperometric [22, 23], potentiometric 
[24, 25], conductometric [26, 17], optical 
[16], fluorometric [27], and piezoelectric 
[28] transduction models. 

Here we present an alternative 
method used to determine cationic 
surfactants, namely Benzalkonium 
chloride (BAC). 

BAC belongs to a series of quaternary 
ammonium chloride homologues with 
the structure shown on Figure 1. 

The pervasive use of BAC in 
consumer products results from its 
antiseptic and antifungal properties. It is 
widely applied: from cleaning products 
and disinfectants to sanitizing wipes and 
ophthalmic solutions. 

Because of its extensive use BAC 


+ /C n H 2n+1 





Cl- 


n= 8,10,12,14,16,18 

Fig. 1. Structure of Benzalkonium 
chloride. C 1l9 and C 1/: 

W 14 16 

homologues are the most common 
homologues found in consumer 
products 

has been the subject of numerous studies, 
including the evaluation of its reactivity 
with the ocular tissue, and the wider 
study of municipal wastewater, which 
found BAC to be the most prevalent 
quaternary ammonium compound in 
wastewater, with concentrations ranging 
between 200 and 300 mg/L [20]. 

2. Materials and methods 
For light absorbance of solutions 
“photoelectric concentration colorimeter 
(«CPC-2»)” was used (Zagorsky Optical & 
Mechanical Plant, Russia). The filter No. 2 
(Amax = 354 nm) and quartz cell of 1 .0 cm 
were used. 

pH value was measured at Ionomer 
I - 160M laboratory (Belams) by using the 
EGL 43-07 pH glass laboratory electrode 
together with auxiliary chloride silver 
electrode of EAL-1M3.1 type, saturated 
with potassium chloride. 

For the research the following 
reagents were used: /?-Phenetidine 
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CH 3 C(0)0H 

H0(CH 2 ) 2 N + (CH 3 ) 3 C1- 

CH 3 C(0)00H 
pH=8,3 P - Ph 

Ox p - Ph 


Fig. 2. Scheme of the reactions underlying the determination of Benzalkonium 
chloride by the enzyme-kinetic photometric method 



Fig. 3. Kinetic curves of couple oxidation of p-phenetidine by hydrogen 
peroxide in presence of the system: 1 - ACh+ChE, 2- 6 -ACh+(ChE+BAC), 
7- ACh. w(ACh) = 0.1%; ChE = 0.25 U; c(BAC, 10-6 mol/L: 2-1.4, 3- 2.8, 
4-3.4, 5 -5.6, 6 - 7.0. 



Fig. 4. Curve of the graduated dependence of the indicator reaction rate 
of Ach hydrolysis in presence of (ChE+BAC) vs. BAC concentration. 


(4 - ethoxyaniline - 98%) (SIGMA 
- ALDRICH); A0281408 series, 
New Jersey, USA; p-Phenetidine 
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hydrochloride (p-Ph), extracted from the 
base by hydrogen chloride precipitation 
in the chloroform solution. 


Pharmacopoeial acetylcholine chloride 
drug - 0.2 g per amp/5 ml (manufactured 
by '’VECTOR” - State Science Center of 
virology and biotechnology in Russian 
Federation" (Russia)). 

Dry protein drug of cholinesterase 
from horse semm was taken - 80 mg / fL 
(VI class), 22 AE / mg (manufactured by 
SMU "Biomed”, Russia). 

"Stabilized Hydrogen Peroxide 30- 
40%" (LLC "Inter - Synthes", Boiyslav, 
Ukraine); The content of hydrogen 
peroxide was determined by SPU. 

Benzalkonium chloride (Arquad 
MCB-50 alkylbenzyldimethylammonium 
chloride, MW=352.5 g/mol), produced 
by «Akro Nobel Surface Chemistiy AB», 
Stenungsund, Sweden. 

Preparation of the solution of 
enzyme substrate of acetylcholine 
chloride (ACh) 

The ampoule’s content of 
pharmacopoeia dmg acetylcholine chloride 
0.2 g is dissolved in 200 ml of double- 
distilled water. For that end, open an 
ampoule, add 4.0 ml of water with pipette, 
and shake until acetylcholine is completely 
dissolved. Then pour the acetylcholine 
solution quantitatively transferred into 
the 200 ml capacity measuring bottle and 
dilute the double-distilled water to the 
required volume. 

Cholinesterase solution preparation 
(ChE). 

Add 10.0 ml of double-distilled 
water in a flask containing 80 mg of dry 
cholinesterase dmg, shake and thermostate 
for 10 minutes at 38 °C. 

Phosphate buffer solution preparation 
(pH 8.35). 

Pour 35.75 g of disodium hydrogen 
phosphate into the 500 ml flask, add 300 ml 
of double-distilled water, dissolve it, add 
1 9 ml of 0. 1 mol/L solution of hydrochloric 
acid, stir and dilute double-distilled water 
up to 500.0 ml. The prepared solution of 
pH is potentiometrically controlled. 

10% hydrogen peroxide solution. 

It is prepared by the appropriate 
high-test hydrogen peroxide dilution 
with double-distilled water. The exact 
hydrogen peroxide content in the 
prepared 10% solution is determined 
permanganatometrically. 


1 % p-Phenetidine hydrochloride 
solution preparation . 

Dissolve 1.00 g of p-phenetidine 
hydrochloride in 80 ml of double-distilled 
water in the 100 ml measuring bottle and 
dilute it to volume. 

Preparation of the working standard 
solution (WSS) 2.8*1 O' 5 mol/L 

WSS is prepared in double-distilled 
water. Sweep down 0.09910 g (precisely 
weighed quantity) of the standard solution 
of Benzalkonium chloride in the 500 ml 
capacity measuring flask and dilute up to 
the mark. 1 .00 ml of the prepared solution 
is transferred with pipette into the 100 ml 
measuring flask. After this, dilute with 
double-distilled water to volume at 20°C, 
cork the flask and mix thoroughly. 

WSS was prepared containing 
2.8* 10 -5 mol/L of BAC. 

Preparation of the Calibration Curve 

In graduated test tubes with the ground 
plug gradually add phosphate buffer 
(pH = 8,4) - 10.0 ml of 0.2 mol / L in 
each one, respectively, from 1.00 ml to 
5.00 ml of Benzalkonium chloride solution 
(WSS) and add 2.0 ml of cholinesterase 
while stirring; switch a timer, shake up 
each solution thoroughly and thermostate 
for 20 min, then quickly add 1.0 mL of 
1% acetylcholine solution, switch on 
timer, shake thoroughly and thermostate 
for 10 min again, then add 2.0 ml of 10% 
hydrogen peroxide solution, keep for 
10 min in the thermostat and add 1.0 ml 
of 1% p-phenetidine solution (p-Ph). 
Dilute distilled water to volume at 20 ml. 
Switch on timer and every other minute 
scan each solution photometrically for 
20 min on the photoelectric colorimeter 
CPC-2, use colour filter No. 2 and 1.0 cm 
cuvette. Every time before shaking the test 
tube contents, plug it thoroughly. Buffered 
solution with double-distilled water is used 
as reference solution. 

According to the optical-time 
relations the kinetic curves are plotted 
and the slope of the first 10 minutes 
is found. According to data received 
a slope-finite analyte concentration 
calibrated relation is obtained, c, pmol/L. 
A calibration curve equation is solved 
by the least squares method (Linear 
regression): tga = b*c + a, where a, b are 
Y-axis intercept and slope, (tga, min-1) 
respectively. 


Standard technique for determining 
Benzalkonium chloride in a sample of 
model solution. 

In graduated test tubes with ground 
plug gradually add phosphate buffer 
(pH = 8.4) - 10.0 ml of 0.2 mol / L, than a 
certain amount (volume) (1.0- 5.0 ml) of test 
inhibitor and carry out determination like in 
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an experiment of the “Calibration Curve”. 
All experiments were repeated 5 times. 
Concentration of BAC in standardized test 
solution is calculated using the formula: 

_ tga — a 
x b 

tga - is a slope, available from 
operational experiment, min -1; 


Tab. 1. 

Metrological characteristics of results of Benzalkonium chloride kinetic 
determination in model solutions 


No. 


BAC taken, 
mol /L 


BAC found, 
n, 10' 6 mol /L 


Metrological characteristics 
(P=0.95, n=5)) 


1.41-1 O' 6 


1.33 

1.37 

1.41 

1.42 
1.45 


X =1.39-10~ 6 
S=0. 05-1 O' 6 
S x=0.02-10~ 6 
Ax=0.06-10 6 
RSD=3.34% 
3=1.42% 


2.815*1 0 -6 


2.87 

2.73 

2.85 

2.83 

2.83 


X =2.82-1 O' 6 
S=0.05-10- 6 
Sx =0.02-1 O' 6 
Ax =0.75- lO' 6 
RSD=1.91% 
3=0.18%) 


4.22 lO' 6 


4.32 

4.19 

4.22 

4.22 

4.23 


X =4.23-10 6 
S=0. 05-1 O' 6 
Sx = 0.02-10 6 
Ax =0.06- 10 6 
RSD=1.2% 

3 = -0.24 % 


5.62-10' 6 


5.60 

5.69 

5.55 

5.69 

5.62 


X = 5.63-1 O' 6 
S= 0.06-10 6 
Sx_= 0.03- 10 6 
Ax=0.075-10 6 
RSD=1.00% 

3 = 0.18% 


5. 


7.00- lO' 6 


7.00 
7.05 
7.09 

7.01 
7.00 


X= 7.03- lO 6 
S = 0. 039-1 O' 6 
Sx=0.01-10' 6 
Ax=0.05-10 6 
RSD=0.56% 

3* = -0.47% 


3*=(X-ju)-100%/ju 
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a, b - Y-axis intercept and slope of 
calibration curve equation (tga = be + a), 
respectively. 

Results and their consideration: 

We proposed a new sufficiently 
sensitive original biosensor for 
determining small amounts of surfactants 
- acetylcholinesterase inhibitors. 

The functioning of a biosensor 
is based on the ability of surfactants 
to inhibit the catalytic activity of the 
enzyme acetylcholinesterase (AChE) in 
the hydrolytic reaction of decomposition 
of acetylcholine-substrate (ACh). At 
present the mechanism of competitive 
inhibition effect on enzymatic hydrolysis 
of acetylcholine by surfactants was 
established: anionic active site on 
the surface of AChE interacts with 
positively charged nitrogen atom 
surfactants (BAC), which prevents 
sorption of positively charged substrate 
of acetylcholine and thus leads to slower 
reaction of its hydrolysis [30]. 

Biosensor work is based on the 
conjugated system of two consecutive 
reactions - perhydrolysis of acetylcholine 
and the caused reaction of peroxyacetic 
acid oxidation of p-Phenetidine. As a 
result of the last indication the reaction 
of azoxyphenetole (ox p-Ph ) was 
produced, which is capable to provide 
intense light absorption. Measuring the 
rate of change of the absorption of light 
in time (conditional reaction rate) can 
determine the content of a surfactant - 
AChE inhibitor (Fig. 2) 

It was found that in the range of 
pH 8.2-8. 5 the rate of formation of 
4-azoxyphenetoll (as the result of 
oxidation of p-Phenetidine by peracetic 
acid, which was formed in the previous 
reaction of perhydrolysis of residue 
acetylcholine) is strictly proportional to 
the concentration of inhibitor [31]. 

Figure 2 shows the kinetic curves 
of couple oxidation of p-phenetidine by 
hydrogen peroxide in presence of different 
concentrations of BAC with a linear 
character at the initial stage. This enables 
the use (in order to assess the reaction rate) 
of slope angle tangent (angular coefficient 
of slope) of the derived kinetic lines, built 
in the coordinates optical density (A) - time 
(t, min) min -1 as the value of the analytical 
signal, corresponding to a certain content 
of an inhibitor in a sample. 
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The resulting dependence of the 
calibration indicator reaction (tga, 
min-1) on concentrations of BAC 
allowing to determine it in the model 
solutions, was shown in Fig. 3. The 
equation of calibration curve looks like: 
tga = 2500 c + 0.0053 (r = 0.998). 

Table 1 shows the results of 
quantitative determination BAC in 
model solutions by the calibration curve. 

Limit of quantitation (LOQ) was 
calculated of the reaction (which was 

0.6-1 O' 6 mol/L) was calculated as: 

Sa 

LOD = 10 — 
b 

a - free term in the equation 
calibration curve tg a = 2500-c + 0,0053 
(r= 0,998); 

b - angular coefficient in the equation 
calibration curve. 

When determining the BAC in 
the concentration range of 1.4-1 O' 6 ... 
7-10-6 mol/L, the RSD < 3.34 % 
(5= -0.47... +1.42). Since 5 <RSD the 
results of the analysis are accepted as 
correct. 

Conclusion 

Anew sensitive and specific enzyme- 
kinetic method for determination 
of cationic surfactant BAC in water 
solutions was presented. LOQ of the 
reaction was calculated, which was 
6- 10' 7 mol/L. The method has satisfactory 
reproducibility and accuracy. When 
determining the concentration of BAC 
within 1.4-1 O' 6 ...7-1 O' 6 mol/L in model 
solutions the RSD were < 3.34% 
(5 = + 1.42% ...-0.47%). 
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ABIOGENOUS ORGANIC MATTER IN 
THE SOLAR SYSTEM 

G.S. Simonian, Candidate of Chemistry, Associate Professor 
Yerevan State University, Armenia 

Studies of the recent years have shown that the Universe is so 
diverse and unique, that in its vast spaces one can find more and more 
chemical reactions considered impossible in space before. Convincing 
evidence for the theory of inorganic origin of oil on Earth is the presence 
of carbon, including its organic forms, in the near space - in meteorites, 
Solar System planets, their satellites, where no biogenic substances 
are present. The temperature in the Solar System ranges from - 
38 K to 700 K. It was established that methane had been discovered in 
the atmosphere of planets of the Solar System - Mars, Jupiter, Saturn, 
Uranus, Neptune and Pluto. It is shown that the satellite Titan has 
methane seas. On Pluto and its moons, as well as on the Neptune’s 
satellite Triton methane is found in the solid state. It is shown that the 
organic substances are also formed at low temperatures. 

Keywords: abiogenic oil, organic matter, biogenic matter, space, 
meteor, planet, moon, cryochemistry, reaction mechanism. 

Conference participant, 

National championship in scientific analytics, 

Open European and Asian research analytics championship 


YAK 553.982 + 553.988 

AEHOrEHHOE OPrAHHHECKOE 
BEIHECTBO B COJIHEHHOH CHCTEME 

Chmohuh r.C., KaH£. xhm. HayK, ^oifeHT 

EpeBaHCKHH rocynapCTBeHHtin yHHBepcHTeT, ApMeHna 

HccjieaoBaHna nocjieamix jieT noKa3ajin, hto BcejieHHaa ctojib 
MH oroo6pa3Ha n ymncajiBHa, hto b ee npocTOpax MoryT npOHCxo/iHTB 
Bee 6ojii>me xHMHuecKne peaKitnn, npOK/je cuHTaBinneca hcbo3mo^c- 
HBIMH B KOCMOCe. Yfie^HTeJIBHOH JIOKa3aTejn>HOH 6a30H Teopnn He- 
opraHHuecKoro npOHCxo^/jeHHH Hecjynr Ha 3eMjie HBJiaeTca HajiHune 
yraepo/ta, b tom nncjie opraHHuecKHx ero (f)opM, B 6jiH)KHeM KOCMoee 
- b MeTeopHTax, njiaHeTax Cojihchhoh chctcmbi h hx cnyTHHicax, rae 
HeT dHoreHHoro BenjecTBa. TeMnepaTypa b Cojihchhoh CHCTeMe ot - 
38 K jio 700 K. YcTaHOBjieHO, hto b aTMoe^epe niraHeT Cojihchhoh 
CHCT eMti - Mapca, lOnHTepa h CaTypHa, VpaHa, HenTyHa h IIjiyTOHa 
oOHapy^KCH MeTaH. IloKa3aHO, hto Ha cnyTHHKe Thtuh ecTB MeTaHO- 
Btie Mopa, a Ha IIjiyTOHe h ero cnyTHHKax h Ha cnyTHHKe HenTyHa 
TpHTOH MeTaH HaXOaHTCB B TBepaOM COCTOBHHH. noKa3aHO, HTO op- 
raHHnecKHe BeutecTBa o6pa3yiOTca Taioxe npn hh3khx TeMnepaTypax. 

KjnoneBbie cjioBa: adHoremiaH He^Tt, opraHnnecKoe BemecTBO, 
OuoreHHoe BemecTBO, kocmoc, MeTeop, njiaHeTa, cnyTHHK, KpnoxH- 
mhb, MexaHH3M peaKHHH. 

YnaCTHHK KOH(J)epeHUHH, 

HaunoHajibHoro nepBeHCTBa no naynHOH aHajiHTHKe, 

OTKpbiToro EBponeiicKO-A3HaTCKoro nepBeHCTBa no HayuHon aHajiHTHKe 


http://dx.doi.org/! 0. 1 8007/gisap:pmc.v0i8. 1 55 1 


y de^HTejiBHOH flOKa 3 aTejn>HOH 6 a- 
3 oii TeopHH HeopraHHuecKoro npo- 
Hexo^eHHH HetJtTH Ha 3 eMjie aBjiaeTca 
HajiHHHe yraepo^a, b tom HHCJie opra- 
HHHeCKHX ero (j)OpM B Me)K 3 Be 3 AHOM 
npocTpaHCTBe, TyMaHHO cthx h coee#- 
hhx rajiaKTHKax, me HeT dnoreHHoro 
BeutecTBa. B padoTe [1] noKa 3 aHO, hto 
B Me 5 K 3 Be 3 ,ZfHOM o 6 jiaKe AOKa 3 aHO HaJIH- 
nne 200 pa 3 JiHHHBix MOJieKyji h HacTHij, 
dojibmaa uacTB KOTOpBix HMeeT opraHH- 
necKyio npHpo^y h nBjineTCn eocTaBHOH 
HaCTBK) He^TH. 

B 3TOM o630pe OCHOBHOe BHHMaHHe 
yAejieHO Ha HajiHHHe h o6pa30BaHHe op- 
raHHnecKHx BemecTB b yejiOBHux Coji- 
HeHHOH CHCTeMBI. IJeJIBIO 3TOH CTaTBH 
aBjiaeTca pa3BncHHTB, KaKHe opraHHHe- 
CKHe COe^HHeHHa HfleHTH(j)HItHpOBaHBI 
B CoJIHeHHOH CHCTeMe (KpOMe 3eMJIH) 
H OCOdeHHOCTH KOCMOXHMHHeCKHX pe- 
aKIfHH HX o6pa30BaHHa B KOCMHHeCKHX 
yCJIOBHflX. 

J\jik nonHoro noHHMaHHa ttajiBHen- 
rnero H 3 Ji 05 KeHHa Ha/to #aTB onpe/tejie- 

HHe H odbaCHeHHe HCKOTOpBIX TepMH- 
HOB [ 2 ]. 

B EJiaBHOM COHHHeHHH HHKOJia^ 
KonepHHKa «0 BpameHHH HedecHBix 
c(|)ep» (jiaT. De revolutionibus orbium 
coelestium), H 3 /taHHOM b HiopHdepre b 
1543 ro^y, coraacHO rejiHOiteHTpHne- 
ckoh KOHifenifHH KonepHHK yTBep)K^aji, 
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hto Bee njiaHeTBi £BH)KyTC a no opdnTaM, 
IfeHTpOM KOTOpBix nBjineTcn CojiHife, 
h no3TOMy CojiHife nBjineTCn ijeHTpOM 
MHpa. 

TaKHM odpa30M, CojmeHHan CHCTe- 
Ma - 3 to njiaHeTHaa CHCTeMa, bkjho- 
Haioman b eedn itempajiBHyio 3Be3#y 
- ConHife - h Bee ecTecTBeHHBie kocmh- 
necKHe odbexTBi, BpamaiomHeen BOKpyr 
CojiHifa. OHa ccjfopMHpoBajiacB nyTeM 
rpaBHTaifHOHHoro oxaTHa ra3onBme- 
Boro odjiaxa npHMepHO 4,57 Mjip/t JieT 
Ha3a^. 

H3BecTHBi AeB^TB dojiBHiHx njiaHeT, 
ya,aneHHBix ot iteHTpajiBHoro CBeTHjia b 
cjie^yiOHteM nopimKe: MepKypHH, Be- 
Hepa, 3eMjia, Mapc, K)nHTep, CaTypH, 
ypaH, HenTyH h IIjiyTOH. 

IIjiaHeTBi, no/jodHBie 3eMjie h JlyHe, 
codcTBeHHoro CBeTa He hmciot - ocBe- 
maiOTCfl HCKJHOHHTeJIBHO COJIHCHHBIMH 
jiynaMH. IIotb njiaHeT - MepKypHH, Be- 
Hepa, Mapc, KDnHTep h CaTypH - djiaro- 
MQR CBoeMy upKOMy djiecKy h 3 bccthbi 
jiio/pim e He3anaMHTHBix BpeMeH. 

no $H3HHeCKHM xapaKTepHCTHKaM 

njiaHeTBi hctko /feMTca Ha RBe rpyn- 
m>i. HeTBipe djiH5KaHHme k CojiHify - 
MepKypHH, BeHepa, 3eMjia h Mapc - 
Ha3BiBaiOTca njiaHeTaMH 3 Cmhoh rpyn- 
m>I. OHH CpaBHHTeJIBHO HeBeJIHKH, 
ho hx cpe/fHflfl njiOTHOCTB dojiBHia^: 
npHMepHO b 5 pa3 dojiBme hjiothocth 


BOABI. OHH COCTO^T B OCHOBHOM H3 CH- 
JIHKaTOB H MeTaJIJIOB. 

AajieKHe ot CojiHifa - lOnHTep, Ca- 
TypH, VpaH h HenTyH, - 3HaHHTejiBHO 
MaecHBHee njiaHeT 3 Cmhoh rpynnBi h 
elite dojiBine npeBoexottHT hx no o 6 b- 
eMy. B He/tpax 3 thx njiaHeT BemecTBO 
chjibho C 5Karo, TeM He MeHee, hx epe#- 
HiHi njiOTHOCTB HeBejiHKa, a y CaTypHa 
,zta5Ke MeHBine hjiothocth bo^bi. 

MeTOjtOM eneKTpocKonHH Ha ero no- 
BepxHOCTH odHapy>KeH 3aMep3HiHH MeTaH. 
3 t 0 OTKpBITHe CBHJteTeJIBCTByeT O CXOJt- 
CTBe TLiiyTOHa e KpynHBiMH enyraHKaMH 
njiaHeT-rnraHTOB. HeKOTOpBie HcejiejfOBa- 
TeJIH CKJIOH5HOTC5I K MBICJIH, HTO TLliyTOH - 
3 to «yde}KaBHiHH» cnyTHHK HemyHa. 

B CojmeHHOH CHCTeMe eymecTByioT 
^Be odjiacra, 3anojiHeHHBie mbjibimh Te- 
jiaMH. none acTepOH^OB, Haxo^mHHca 
MQyKjxy MapeoM h lOnHTepOM, exo)K no 
eocTaBy e njiaHeTaMH 3 Cmhoh rpynnBi, 
nOCKOJIBKy COCTOHT H3 CHJIHKaTOB H Me- 
TaJIJIOB. 3a opdHToii HenTyHa paenojia- 
raiOTca TpaHCHemyHOBBie odBeKTBi, eo- 
CTomitHe H3 3aMep3Hieii bo^bi, aMMnaKa 
h MeTaHa. 

MeTeopHTOM Ha3BiBaeTC^ kocmh- 
necKoe Tejio pa3MepOM ^o hcckojibkhx 
MeTpOB, jieTuntee no opdHTe h nonatta- 
lontee b aTMOccjiepy 3 cmjih. CjiettyeT ot- 

MeTHTB, HTO MCTCOpHTBI COBMCCTHO CO 
CBOHMH pO/JHTeJIBCKHMH TeJIBMH - aCTe- 
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Ta6ji. 1. 


IIjiaHeTa 

PaccTO^HHe ot cojiHi^a, 

Mxm 

^HCJIO enyTHHXOB 

TeMnepaTypa, K 

^aBjieHne, am. 

IljIOTHO CTb, 
r/ cm 2 

MepxypHH 

57.9 

0 

440 

0 

5.44 

BeHepa 

108.2 

0 

733 

90 

5.24 

3eMjin 

149.6 

1 

288 

1 

5.52 

Mapc 

227.9 

2 

218 

0.006 

3.95 

lOnHTep 

778.3 

65 

165 

1 

1.33 

CaTypH 

1427 

62 

134 

1 

0.68 

ypaH 

2870 

27 

76 

1 

1.27 

HenTyH 

4497 

14 

72 

1 

1.62 

IIjiyTOH 

5910 

5 

53 

0.0001 

2.07 


pOH^aMH npHHaAJioxar K Cojihchhoh 
CHCTeMe [3]. 

UlecTt njiaHeT H3 bocbmh h nerape 
KapjiHKOBbie njiaHeTBi hmciot ecTecTBeH- 
HBie cnyTHHKH (Ta6jiHi^a 1). Ka5X£an H3 
BHeniHHx njiaHeT oxpy}xeHa xojibijaMH 
m>iuH h Apyrnx nacTHij. 

Tax, noHUTHu «opraHHHecKne» h 
« 6HoreHHtie» He TCtfx^ecTBeHHbi [4, 5]. 

EiioreHHoe eemecTeo - BenjecTBO, 
npe^CTaBjunomee co 6 oh ocTaTKH omep- 

HIHX OpraHH3MOB H npOAyXTBI 5KH3He,ae^- 
TeJIBHOCTH H JIHHBKH )XHBBIX OpraHH3MOB. 

OpraHHHeCKHMH Ha3bIBaiOT co- 
eflHHeHH^ yraepo^a c ApyrHMH ajieMeH- 
TaMH, BKJIIOHaiOHIHe aTOMBI BO^OpO^a, 
KHCJiopo^a, a30Ta, cepbi, ranoreHOB h 
^ pyrnx 3JieMeHTOB. 

Tax, no onpe^eneHmo niBe^cxoro 
xHMHxa Eepijejinyca, BenjecTBa, xoto- 
pbie bxcwit b cocTaB 5 xhbbix opraHH 3 - 
mob, Ha 3 biBaiOTca opraHHnecxHMH, a Te, 
XOTOpbie B COCTaB 5 XHBBIX OpraHH 3 MOB 
He bxo^t, Ha 3 biBaiOTC^ HeopraHHne- 
cxhmh. OnbiTaMH 6 bijio floxa 3 aHO, hto 
opraHHnecxHe BenjecTBa hhhcm npHH- 
ipnniajibHO He OTnnnaiOTca ot Heopra- 
HHnecxHx. Ohh He Ha^ejieHbi HHxaxon 
OC 06 OH 5 XH 3 HeHHOH CHJIOH H, B npHH- 


ipine, MoryT 6biTb CHHTe3HpOBaHbi b 
jia6opaTOpHH HeopraHHnecxHM nyTeM, 
to ecTb nyTeM, b xotopom HHxax He 3a- 
AeHCTBOBaHbi 5XHBbie cymecTBa. Tax, 
BnepBbie Bejiep nojiynHji opraHHnecxoe 
BenjecTBO- MoneBHHy nyTeM ynapHBa- 
hh n bo^hoto pacTBOpa i^naHaTa aMMO- 
HH5I. O^HaXO TepMHH MeHUTb He CTaJIH. 
H cercmHn pa3JiHnaiOT opraHHnecxyio h 
H eopraHHnecxyio xhmhio. TaxHM o6pa- 
30M, opraHHnecxHe coe/pniemni MoryT 
HMeTb xax 6HoreHHoe, Tax h aOnoreH- 
Hoe npOHCxo)x,aeHHe. 

yrjieBoaopoaw (YB) - opraHHne- 
cxne coe^HHeHH^, cocTOumHe H3 aTOMOB 
yraepo^a h BO,aopo,aa. YnieBO/jopOAbi 
CHHTaiOTCfl 6a30BbIMH COeAHHeHHUMH 
opraHHnecxoH xhmhh, Bee ocTajibHbie 
opraHHnecxHe coeAHHemni paccMaTpn- 
BaiOT xax hx npOH3BO£Hbie. Pa3JiHnaiOT 
anH(J)aTHHecxHe, hjih aipncjinnecxHe, b 
MOJiexyjiax xoTOpbix yniepo^Hbie aro- 
mm o6pa3yiOT jiHHeHHbie hjih pa3BeT- 
BjieHHbie «OTxpbiTbie» ijenn (HanpHMep, 
3TaH, H3onpeH), h ijHXjiHnecxHe yraeBO- 
AOpo^bi, MOJiexyjibi xoTOpbix npejjCTaB- 
JHIIOT C06OH H,HXJIbI (xOJIbl^a) H3 Tpex 

h 6ojiee aTOMOB yraepo^a. IIocjieAHHe 
no^pa3AejiHK)T Ha ajiHijHXjiHnecxHe co- 


eAHHeHHn (HanpHMep, ijnxjiorexcaH) h 
apOManraecxHe coe^HHeHHn (HanpH- 
Mep, 6eH30Ji). 

BnepBbie, b 1834 r. opraHHnecxoe Be- 
mecTBO b cocTaBe MeTeOpHTOB Bbmejnui 
H. Eepijejinyc npn aHajiH3e ymncToro 
xoH^pHTa Ajia-nc. Xhmhhc cxhmh aHa- 
jiH3aMH 6 bijio o6Hapy)xeHO npHcyTCTBHe 
b MeTeopHTax TBep^bix yraeBO/jopo/jOB, 
CJI05XHBIX COe^HHeHHH OpTaHHXH c cepOH 
h cjioccjiopoM. C noHBjieHHeM coBpeMeH- 

HblX TOHHBIX aHaJIHTHHe CXHX MeTO^OB, 
no3BOJMiomHx yjiaBjiHBarb caMbie He3Ha- 
HHTejibHbie xoHijeHTpaijHH yraeBO/jopo- 
^ob h onpe^ejiHTb hx cocTaB, CBe^eHiBi o 
coaepixaHHH ymeBoaopoaoB b MeTeopH- 
Tax yBeJIHHHJIHCb bo mhoto pa3. 

MHHHMajibHan TeMnepaTypa Ha 
MepxypHH paBHa 90 K a MaxcHMyM, 
^ocTHraeMbiii b nojmeHb Ha «ropnnHx 
aojiroTax» npn HaxojxaeHHH njiaHeTbi 
6 jih 3 nepHrejiHn, - 700 K. Amoc^epbi 
xax TaxoBoii Ha MepxypHH HeT, oh HMe- 
eT 3X3oe4)epy, cocTOnmyio H3 42% xhc- 
jiopo/ja, 29% HaTpna, 22% Bo^opo/ja, 
6% rejiHn, 0,5% xajnin, c bo3mo5xhbimh 
H eOoJIbHIHMH BXJHOHeHH^MH apTOHa, 
xceHOHa, xpnnTOHa, HeoHa, AHOxcH^a 
yraepo^a, bo^bi h a30Ta. 

Ta6ji. 2. 


KpHTHnecKHe napaMeTpbi HeKOTopwx BeipecTB 


Mojiexyjia 

T , K 

T 

khii. 

T xr 

P T na 

T 

K P . 

p K 

n 2 

63 

77 

63.2 

12000 

126 

34.6T0p. 

0 2 

55 

90 

64.4 

146 

165 

50.8 

co 2 

216.4 

194.5 

217 

450000 

304 

73 

CO 

68 

81.5 

68 

15370 

133 

35.6 

H 2 

14 

20 

13.9 

7300 

33.2 

12.8 

"O 

273 

373 

273 

647 

647 

215.7 

so 2 

197.5 

263 

198 

15700 

430 

7.8 

h 2 s 

191 

213 

187 

23200 

304 

91.7 

nh 3 

195 

240 

196 

6080 

405 

115 

ch 4 

91 

111 

91 

11540 

191 

47.2 

c 2 h 6 

90 

184 

90.3 

1.13 

305 

48 
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Amoccjiepa BeHepti coctoht H3 
yrneKHCJioro ra3a, Hebojitmoro kojih- 
necTBa a30Ta h eme MeHtmero - apyrnx 
BemecTB. Xo th npoi^eHTHoe eoaep)Ka- 
HHe a30Ta TaM HaMHoro MeHtrne, neM b 
aTMOc^epe 3 cmjih (3,5 % npoTHB 78 %), 
ero o6man Macca npHMepHO BneTBepo 
Gojitme. Amoc^epa BeHepti, HaMHoro 
njiOTHee h ropunee amoc^epti 3eMjin: 
ee TeMneparypa Ha epeaHeM ypOBHe no- 
BepxHOCTH cocTaBjiaeT okojio 740 K, a 
AaBjieHHe - 93 6ap. 

B aTMOC(j)epe BeHepti ecTt h apyrne 
KOMnOHeHTbl, HO B OHeHb MaJIOM KOJIHHe- 
CTBe. 3to anoKCHa cepti (S0 2 ), BO^aHOH 
nap (H 2 0), yrapHtiii ra3 (CO), HHepTHtie 
ra3ti, xjiopOBoaopoa (HC1) h (j)TOpOBO- 
aopoa (HF). Boaopoaa b amoccjDepe Be- 
Hepbl OTHO CHTeJItHO Majio. Bepoarao, 
Gojitmoe kojikhcctbo Boaopoaa 6tmo 
pacceHHO b KOCMoee, a ocTajitHan nacTt 
CB^3aHa, B OCHOBHOM, B COCTaBe eepHOH 
KHCJIOTBI H eepOBO^OpO^a. B BepXHHX 
cjiohx amoecjiepbi o6Hapy)KeHbi eepo- 
Boaopoa (H 2 S) h eepHHCTtiH ra3 (S0 2 ), 
a Taioice eyjittjma Kap6oHH.ua (0=C=S). 
CepHan KHCJiOTa o6pa3yeTCH b BepxHen 
amoc(})epe noepeacTBOM (ji otoxhmhhc - 
CKoro B03£eiiCTBH5i CojiHi^a Ha yraeKHC- 
jitrn ra3, eepHHCTtiH ra3 h napti Boati. 
Ootohbi yjitTpa^HOJieTOBoro CBeTa c 
flJIHHOH BOJIHbl MeHbHie 169 HM MoryT 
(J)OTOAHCCOi^HHpOBaTb yrjieKHCJitiH ra3 
b yrapHtiii ra3 h aroMapHtiii KHCJiopoa. 
AroMapHtra KHCJiopoa BectMa peaKijH- 
OHHoenocoOeH, h Koraa oh BCTynaeT b 
peaKH,HIO C CepHHCTbIM ra30M, MHKpO- 
KOMnoHeHTOM aTMoe^epti BeHepti, 06- 
pa3yeTCH eepHtiii ra3, KOTOptiii moukqt 
b cbok) onepeat eoeaHHHTtcH c napaMH 
BOABI, ApyrHM MHKpOKOMnOHeHTOM aT- 
Moccjjepti. B pe3yjitTaTe 3thx peaKiprii 
o6pa3yeTca eepHan KHCJiOTa. 

Amoccjiepa Mapca coctoht H3 yrae- 
khcjioto ra3a (95%) c npHMecHMH a30- 
Ta (2.7%), aproHa (1.6%), KHCJiopoaa 
(0.13%) h flpyrnx ra30B. Ectb, b nacT- 
hocth, h npHMect bo^hoto napa. 

H3 aHajiH3a chhmkob xaHtoHOB b 
flOJiHHax MapHHepa Ha Mapce, yneHtie 
H3 HACA nojiaraiOT, hto b 3aBHCHMOCTH 
ot ce30Ha nepHOAHnecKH npocTynaeT 
}KH^Kaa coneHan Boaa. Op6HTajitHan 
CTaHi^HH MRO (Mars Reconnaissance 
Orb iter) o6Hapy)KHjia 41 ynacTOK, Ha ko- 
topom no^o3peBaeTca eymecTBOBaHHe 

Cna^aiOmHX CO CKJIOHOB nOTOKOB 5KHa- 
KOH BO^bi: TeMHbie JIHHHH nOHBJIHIOTCH B 

10 


jieTHHH nepnoa h nponaaaiOT b 3hmhhh. 
HhCJIO TaKHX nOTOKOB Ha Ka)K£OM H3 
ynacTKOB pa3MepOM 5,4 Ha 12,0 khjiomc- 
Tpa oi^eHHBaeTCn b TtiCHny. Hctohhhkom 
cojieHoii Boati b neTHee BpeMH yneHtie 
Ha3tmaiOT noAnoBepxHOCTHtie 3aMOpo- 
5KeHHtie Jibuti. 06teM Boati, KOTOptiii 
M05KCT npHBOAHTb K 06pa30BaHHK) TaKHX 
nOTOKOB, oi^eHHBaeTca b 30-100 tbichh 
K ybHnecKHx MeTpoB. ^ojihhbi MapHHe- 
pa b npH3KBaTOpHajitHOH nacTH Mapca 
npe^CTaBjiaioT co6oh caMtm Gojibihoh 
K aHtOH b CojiHenHOH chctcmc. Ero npo- 
TIDKeHHOCTb OIjeHHBaeTCH B 4,5 TblCH- 
HH KHJIOMeTpOB. C nOMOHIblO CTaHH,HH 
MRO noKa3aHO, hto b KnKHO-nojiapHtix 
CJIOHCTbIX OTJI05KCHHHX jitaa HaXOaHTCH 

norpebeHHtiH C0 2 [6]. YcTaHOBjieHti 
TpH pa3JiHHHtie cy6te£HHHijbi C0 2 Jitaa, 
Ka5K,aa5I H3 KOTOpbIX yBCHHBHa TOHKHM 
(10-60 m) orpaHHHHTejibHtiM cnoeM. 

fl,aHHbie pa6oTti Mapeoxoaa 
Curiosity aoKa3ajiH, hto b aTMoecJiepe 
Mapca npHcyTCTByeT MeTaH. BnepBbie 
ejieati MeTaHa b amoe^epe Mapca 
6tuiH 3aperHCTpHp0BaHti TenecKonoM 
KaHaaa - OpaHijHH - raBaibi, KOTOptiii 
HaxoAHTca Ha BepuiHHe ByjixaHa May- 
Ha-Kea. Mapeoxoa Curiosity npOBen Ha 
Mapce aea 3eMHtix roaa, h 3a 3to BpeMn 
ero npn6opaM okojio KpaTepa Tajia yaa- 
jioet He TOJitKO noaTBepaHTt HaJIHHHe 
MeTaHa Ha njiaHeTe, ho h 3a$HKCHp0BaTt 
pe3Koe KpaTKOBpeMeHHoe noBtmieHHe 
KOHH,eHTpau,HH ra3a b aTMoe^epe. TaK, 
4)ohobbih ypoBeHt aTMoe({)epHoro MeTa- 
Ha HMeeT epeaHHe 3HaneHH5i 0,69 ± 0,25 
nacTeii Ha MHjijraapa no obteMy. B ne- 
Ttipex nocjieaoBaTejitHtix H3MepeHHnx, 
oxBaTtiBaiomHx 60 MapCHaHCKHx anen, 
Ha6jiioaajiHCb noBtmieHHbie ypoBHH 
MeTaHa 7,2 ±2,1 nacTeii Ha MHjuiHapa. 
E[oapa3yMeBaeTC5i, hto Mape 3nH30- 
aHnecKH nojiynaeT MeTaH H3 aonoji- 
HHTeJIbHOrO HeH3BeCTHOrO HCTOHHHKa. 
CneanajiHCTti yTBep5KaaiOT, hto aaHHtie 
Curiosity CTajin nepBtiM eepte3HtiM ao- 
Ka3arejitcTBOM npHcyTCTBH^ MeTaHa Ha 
Mapce [7]. Cennae yneHbie njiaHHpyiOT 
BbiacHHTt, OTKyaa 3tot ra3 nO^BHJiea 
Ha njiaHeTe. Mti nonaraeM, hto MeTaH 
Ha nojiioeax Mapca norpe6eH b TOJiiae 
jitaa b BHae ra3ornapaTa. EojitiHHHCTBO 
npHpoaHtix ra30B (CH 4 , C 2 H 6 , C 3 H 8 , 
C0 2 , N 2 , H 2 S, H3o6yTaH, h t. n.) o6pa- 

3yiOT rnapaTti, KOTOpbie eymecTByiOT 
npn onpeaejieHHtix TepMoOapHnecKHx 
yejiOBH^x[8]. IIpeo6jiaaaioiaHMH npn- 


pOaHblMH ra30BbIMH THapaTaMH ^BJia- 
lOTca rnapaTti MeTaHa h anoKcnaa yrae- 
poaa. npH aTMoe(j)epHOM aaBjieHHH a^ 
yCTOHHHBOCTH THapaTa MCTaHa Hy}KHa 

TeMnepaTypa okojio 193 K. OaHaKO, 
MeTaHrnapaTbi Bee hk e MoryT aoBOJitHO 
aojiro cymecTBOBaTt b yejiOBH^x hh3- 
khx aaBjieHHH h npn 6ojiee bbicokoh 
T eMneparype, ho o6a3aTejibHO OTpnaa- 
TejitHoii - b 3tom cjiynae ohh Haxoa^T- 

CH B MeTaCTa6HJIbHOM COCTOaHHH, HX 
cyiaecTBOBamie obecneHHBaeT 3(J)({)eKT 
eaMOKOHcepBaaHH - npn pa3Jio)KeHHH 
MeTaHrnapaTbi noKptiBaiOTca jiea^HOH 
KopKoii, hto MernaeT aajitHeHineMy pa3- 
JI05KCHHIO. 

ATM0C({)epa lOnHTepa aeJiHTCn Ha 
4 ypoBHH (npHBeaeHti b nopnaice yBejin- 
HeHHH BbicoTti): Tponoe(J)epa, CTpaToe- 
(Jiepa, TepMoc^epa h 3K3oe({)epa. B ot- 
jiHHne ot aTMoe(j)epbi 3eMjin, aTMoe^e- 
pa lOnHTepa He HMeeT Me30C(j)epbi. Ha 
lOnHTepe HeT TBepaon noBepxHOCTH, 
H CaMblH HH5KHHH ypOBCHb aTMOC^e- 
pti - Tponoe^epa - njiaBHO nepexoaHT 
B BOaOpOaHblH OKeaH MaHTHH. HeTKHX 
rpaHHa Me>Kay >KHaKO ctbio h ra30M He 
Ha6jnoaaeTca, noTOMy hto TeMnepaTy- 
pa h aaBjieHHe Ha 3 tom ypOBHe mhoto 
B bIHie KpHTHHeCKHX TOHCK a^ BOaOpOaa 

h rejina. Boaopoa CTaHOBHTca CBepx- 

KpHTHHeCKOH 5KHaKOCTbIO npHMepHO 
npn aaBjieHHH b 12 6ap. ATMoe(j)epa 
lOnHTepa npeHMymecTBeHHO coctoht 
H3 Boaopoaa h rejiHu. ^pyrne ojieMeHTti, 
TaKne KaK MeTaH, aMMHaK, eepOBoaopoa 
h Boaa, npncyTCTByiOT b Hebojitninx ko- 
jiHnecTBax. CocTaB aTMoe^epti noao6eH 
eocTaBy Been njiaHeTti b aejiOM. Atmoc- 
(jiepa eoaep)KHT TaK5Ke HeMajio npocTbix 
eoeaHHeHHH, HanpHMep, Boay, MeTaH, 
eepOBoaopoa, aMMnaK (NH 3 ) h $oc4)hh 
(PH 3 ). BepxHira aTMOC(Jiepa lOnHTepa 
eoaep)KHT Majibie otho CHTejitHtie kojih- 
necTBa npocrax yraeBoaopoaoB: 3TaHa, 
aaeTHjieHa h anaaeTHjieHa, KOTOptie 
(jiopMHpyiOTca noa B03aeHCTBHeM COJI- 
HenHOH yjitTpa^HOJieTOBOH paanaann h 
3ap^5KeHHtix nacTHij, npHObmaioianx H3 
MarHHT 0 C({)epbi K)nHTepa. Coo6maeTcn, 
hto Ha aTMoe^epe lOnHTepa h CaTypHa 
o6Hapy)KeHbi MeTaH h 6eH30Ji [9]. 

BepxHne cjioh aTMoe^epti CaTypHa 
coctoht Ha 96,3 % H3 Boaopoaa (no o6t- 
eMy) h Ha 3,25 % - H3 rejinn (no epaB- 
HeHHio e 10 % b aTMoe^epe lOnHTepa). 
Hmciotch npHMecn MeTaHa, aMMnaxa, 
4)oe$HHa, 3TaHa h HeKOTOptix apyrnx 


ra30B. AMMHanHBie o6jiaKa b BepxHen 
Hacra aTMoecjiepBi MomHee lonmepnaH- 
cxhx. 06jiaica hh5xhch uacra aTMoecjie- 

pbl COCTOflT H3 rHApOCyjIB^H^a aMMOHHa 

(NH 4 SH) hjih bo^bi. 

OcHOBy aTMoc(j)epBi ypaHa cocTaB- 
jhiiot BO^opoA h renHH. KpOMe Toro, b 
H en o6Hapy)KeHBi cjicabi MeTaHa h £py- 
rnx yraeBO^opo^OB, a Tax>xe o6jiaxa 
H30 jiB^a, TBep^oro aMMHaxa h bo^o- 
po,aa. 3 to caMan xojio^Haa njiaHeTap- 
Haa amoc(j)epa Cojihchhoh chctcmbi c 
MHHHM ajiBHOH TeMneparypon b 49 K. 
IlojiaraiOT, mo YpaH HMeeT cjiojxHyto 
cjiOHCTyio CTpyKTypy oOjiaxoB, me BO^a 
COCTaBJiaeT HH5XHHH CJIOH, a MeTaH — 
BepxHHH. B OTjiHHHe ot HemyHa, He,apa 
VpaHa COCTOHT B OCHOBHOM H30 jib^ob h 
ropHBix nopom KpOMe Toro, b BepxHHx 
cjiohx ypaHa o6Hapy}xeHBi cjic^bi 3TaHa 
(C 2 H 6 ), MeTHjiai^eTHjieHa (CH 3 C 2 H) h 
AH ai^eTHjieHa (C 2 HC 2 H) [10]. 3th yrae- 
BO^opo^Bi, xax npe^nojiaraiOT, hbjihiot- 
ch npo^yxTOM (j)OTOJiH3a MeTaHa coji- 
HenHOH yjiBTpa4)HOJieTOBOH pa^naipieH. 
CnexTpoexonHH Tax>xe o6Hapy}XHjia 
cjie^Bi BO^AHoro napa, yrapHoro h yrae- 
xhcjioto ra30B. 

B BepxHHx cjiohx aTM0C(f)epBi He- 
nTyHa oOHapyjxeH Bo^opo^ h rejinii, xo- 
TOpBie COCTaBJIHIOT COOTBeTCTBeHHO 80 
h 19 % Ha ^aHHOH BBicoTe [11]. Tax)xe 

Ha6jiiOAaiOTca cjic^bi MeTaHa. npn jxzlb - 

neHHH Mox^y oahhm h nmBio 6apaMH, 
(J)opMHpyioTC^ o6jiaxa aMMHaxa h eepo- 
Bo^opo^a. 

H3yneHHe cnexTpa HenTyHa no- 
3BOJiaeT npe^nojiaraTB, mo ero 6ojiee 
HH3xaa CTparoecjiepa 3aTyMaHeHa H3-3a 
xoHAeHcai^HH npOAyxTOB yjiBTpa(j)HO- 
neTOBoro $OTOJiH3a MeTaHa, Taxnx xax 
3TaH h ai^eTHjieH. B CTparoc(j)epe Tax>xe 
o6Hapy}xeHBi cjic^bi ipiaHOBO/jopo/ja h 
yrapHoro ra3a. CTpaTOC(j)epa HemyHa 
6ojiee Tenjiaa, neM CTpaT0C(f)epa ypaHa 
H3-3a 6ojiee bbicoxoh xoHijempaijHH 
yrneBO^opo^OB. 

Amoccfiepa njiyTOHa oneHB pa3pa- 
}XeHa H COCTOHT H3 Ta30B, HCnap5HOH^HX- 
c h H3 noBepxHOCTHoro jiB^a, 6jiaro,aapfl 
hh3xhm TeMnepaTypaM Ha noBepxHOCTH, 
/jocTHraiomHM 50K. 3 to a30T c npHMe- 
cbk) MeTaHa (oxojio 0,25 %), ecTB Tax)xe 
3TaH, ai^eTHjieH h CO (oxojio 0,05-0,1%) 
[12]. no a AencTBHeM ncecTxoro H3Jiyne- 
hhh h3 hhx o6pa3yiOTCH 6ojiee cjio)XHBie 
coe^HHeHH^ (HanpHMep, 3TaH, smneH 
h aijeraneH h t.^.), nocTeneHHO BBina- 


^aiomne Ha noBepxHOCTB. Bepomno, 
HMeHHO hx HacTHH,Bi o6pa3yiOT jierxyio 
CJIOHCTyiO ^BIMXy Ha BBICOTaX ^o 150 
xm. HajiHHne amoccjiepHBix ra30B npo- 
cjie5XHBaeTca xax MHHHMyM #o bbicotbi 
1670 xm, a no HexoTOpBiM HenpHMBiM 
^aHHBiM - ^a>xe ^o 3000 xm. 

NASA ony6jiHxoBajia (j)OTOipa(j)HH 
njiyTOHa h XapOHa, c^ejiaHHBie annapa- 
TaMH Ralph h Alice, pa3MemeHHBiMH Ha 
annapaTe New Horizons. Chhmxh noxa- 
3BiBaiOT HeHacTO^mne ijBeTa njiyTOHa h 
ero cnyTHHxa - xax hohchhjih b NASA. 
Pa3HBie i^BeTa nojiyneHBi c noMonjBio 
(J)hjibtpob Ralph h Alice h o6o3HanaiOT 
pa3JiHHHBie BemecTBa h coeAHHeHHH, H3 
XOTOpBIX COCTOHT nOBepXHOCTB njiaHeTBi 
h ee cnyTHHxa. Bojiee TeMHBie ynacTXH 
roBOpuT o co^ep5xaHHH yraeBO^opo^OB 

H TOJIHHOB. 

B CojiHenHOH cncTeMe, xpoMe 3 cmjih, 
tojibxo Ha TmaHe yneHBie oOHapyncHjiH 
03epa h Mopa. 3 th bo^ocmbi Ha enyTHHxe 
HanOJIHCHBI )XH£XHM MeTaHOM H 3TaHOM. 

Mopa h 03epa o6pa3ytOTCH 6jiaro^apn 
hh3xhm TeMnepaTypaM Ha noBepxHOCTH, 

^ocTHraiomeM 93.8 K [13]. 

Bo^oeMBi Ha TmaHe njiaHeTOJiorH 
OTxpBuiH npn noMomn opOmajiBHoro 
annapaTa Cassini, Bpamaiomerocn bo- 
xpyr CaTypHa. Mop n hmciot b ^jiHHy He- 
CXOJIBXO COTeH XHJIOMeTpOB, hx rjiyOHHa 
^ocraraeT cotch MeTpOB. Ohh nmaiOT- 
CH MHO)XeCTBOM XaHaJIOB, ^BJI^IOmHXCa 
aHajioraMH 3eMHBix pex. B otjihhhc ot 
M open, 03epa He nmaiOTca pexaMH h 
o6pa3yiOTCH, xax npe^nojiaraiOT Hcejie- 
AOBaTejin, BCJie^CTBHe yraeBo^opo^HBix 
AO)X^eH H nOCTynjieHHH }XH,aXOCTH H3 

He^p [14]. 

ABTOpBI CTaTBH [15] OI^eHHJIH CO- 
CTaB 3 thx 03ep. noxa3aHO, hto raaB- 
HBie BemecTBa 03ep - 3TaH (C 2 H 6 ) 
(-76-79 %), nponaH (C 3 H 8 ) (-7-8 %), 
MeTaH (CH 4 ) (-5-10 %), bo^opo^hbih 
mmmw (HCN) (-2-3 %), 6yTeH (C 4 H 8 ) 
(-1 %), 6yraH (C 4 H 10 ) (-1 %) h ai^era- 
jieH (C 2 H 2 ) (-1 %). PacneTHBiH cocTaB 
03ep Tor^a cymecTBeHHO OTjiHnaeTca 
OT Toro, HTO 05XH,aaJIOCB ot Mo^ejieH, 
pa3pa6oTaHHBix #o Hccjie^OBaHH^ Th- 
TaHa xocMHnecxHM xopa6jieM Cassini- 
Huygens. yraeBO^opo^HBiH cocTaB 03ep 
TmaHa (a Taxnx TmaHOB b xocMoee 
TBMa) nBjineTca np^MBiM, 6e3anejuni- 
h,hohhbim apryMemoM b nojiB3y a6n- 
oreHHoro reHe3nca YB. B pa6oTe [16] 
Hccjie^OBaHBi reoMop^ojiorHHecxHe 
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oeo6eHHOCTH noBepxHOCTH TmaHa, 
nojiyneHHBie 30 h^om Huygens EBponen- 
cxoro KocMHnecxoro AremcTBa. no- 
xa3aHO, mo HexoTOpBie CTpyxTypBi Ha 
TmaHe MoryT npe^CTaBjimB co 6 oh xpn- 
oreHHBie ra3orn^paTHBie ByjixaHBi, reo- 
MOp(J)OJIOrHHeCXH cxo^HBie c ipa3eBBIMH 
ByjixaHaMH Ha 3eMjie. B o 6 ohx cjiynaax 
hx ochobhoh ^BH 5xymen chjioh cirynKwr 
MeTaH - }xh^xhh Ha TmaHe, ra30o6pa3- 
hbih - Ha 3eMjie. B xanecTBe TBep^tix 
noBepxHOCTen Ha TmaHe BBiCTynaeT bo- 
Aiihoh jie^ h ra3orn^paTBi. 

B pa6oTe [17] noxa3aHO, mo bbico- 
xan OTHoemejiBHaa BjiajxHOCTB MeTaHa 
b hh 5 xhhx cjioax aTMOC({)epBi TmaHa 
MO)xeT 6 bitb coxpaHeHa nyTeM BBina- 
pHBaHna H3 03ep, noxpBiBaiomHx TOJIB- 
XO 0.002-0.02 Been noBepxHOCTH. ,3,0- 
xa3aHO, mo b ycjiOBHax noBepxHOCTH 
TmaHa, MeTaH HcnapneTCn AOCTaTOHHO 
OxiCTpo, mo OeperoBBie jihhhh jiio6oro 
cymecTByiomero 03epa noTeHipiajiBHO 
MOryT MHrpHpOBaTB OT HeCXOJIBXO COTCH 

MeTpOB £0 ^ecmxoB XHJIOMeTpOB b ro,a. 

TpaHHija aTMoe(J)epBi TmaHa Haxo- 
jWTcn npHMepHO b 10 pa3 BBirne, neM 
Ha 3eMjie. TpaHHi^a Tponoc(j)epBi pac- 
nojiaraeTca Ha bbicotc 35 xm. 3,0 bbi- 
cotbi 50 xm npocTHpaeTcn o6uiHpHaa 
Tpononay3a, r^e TeMneparypa ocTaeTca 
npaxTHuecxH hocto^hhoh, a 3aTeM tcm- 
nepaTypa HanHHaeT pacra. Amoc(])epa 
TmaHa coctoht H 3 a30Ta Ha 98,4 % h 
npHMepHO Ha 1,6 % H3 aproHa h MeTa- 
Ha, xoTOpBie npeoOjia^aiOT b ochobhom 
b BepxHHx cjioax, me hx xoHiiempaHHa 
^ocraraeT 43 %. Hmciotc^ Tax>xe 3TaH, 
nponaH, aijemneH, i^naHai^eTHjieH, Me- 
THjiai^eTHjieH, C0 2 , CO, rejinii. npax- 
THuecxH OTcyTCTByeT cbo 6 o^hbih xhc- 
jiopo^ [18]. B BeeeHHee BpeMn b nojinp- 
hoh CTparoccjiepe TmaHa HaOjiio^aeTca 
C 4 N 2 B03HHXaeT H3-3a TBep^O$a3HOH 
(^OTOxHMHuecxoH peaxijHH HCN-HC 3 N 
Ha noBepxHOCTH nacTHi; jiB^a [19]. 

BepxHHe cjioh aTMOC(J)epBi Tma- 
Ha chjibho no^BepixeHBi B03AeiiCTBHio 
cojiHenHoro BeTpa, Tax xax TmaH He 06- 
jia^aeT cyme ctbchhbim MarHHTHBiM no- 
jieM. KpOMe Toro, OHa Ta x>xe no^Bep5xe- 
Ha ^eiiCTBHio xocMHnecxoro H3JiyneHH5i 
h cojiHenHOMy o6jiyneHHio, no^ B03#eH- 
CTBHeM XOTOpBIX, B HaCTHOCTH, yjIBTpa- 
(JjnojieTa, MOJiexyjiBi a30Ta h MeTaHa pa3- 
jiaraiOTC^ Ha hohbi hjih yraeBO^opo^HBie 
pa^nxajiBi [4, 5, 20]. 3 th (jjpamemBi, b 
cbok) OHepe^B, o6pa3yiOT cji05XHBie op- 
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Phc. 1. O6pa30eaHHe tojihhob b BepxHeii aTMOC^epe TirraHa 
Ha BbicoTe ~ 1000 km 


ramraecxHe coeAHHemra a30Ta hjih co- 
e^HHeHHa yrnepo^a - tojihhbi, b tom 
HHCJ ie apOMaTHnecKHe eoeAHHeHmi (Ha- 
npHMep, 6eH30Ji). Taiojce b BepxHHx cjio- 
nx aTMOC(j)epbi o6pa3yeTca iiojihhh - no- 
JIHMep C COnp5DKeHHOH TpOHHOH CBH3BIO. 
Tojihhbi He o6pa3yK>TCn ecTecTBeHHBiM 
o6pa30M Ha 3eMjie Ha ee coBpeMeHHOM 
3Tane pa3BHTHn. 06 bihho odjiaAaiOT 

KpaCHOBaTO-KOpHHHeBBIM HJIH KOpHHHe- 
BaTO-OpaH5KeBBIM OTTeHKOM. «THTaHO- 
BBie TOJIHHBI» H «TpHTOHOBBie TOJIHHBI» 
HBJHHOTCH OpraHHHeCKHM BemecTBOM c 
bbicokhm co,aep5KaHHeM a30Ta. CxeMa 
o6pa30BaHHa tojihhob npHBe^eHa Ha pn- 
cyHKe 1. 

CHHTaeTCH, HTO OHH npeACTaBJHHOT 
C060H CMeCB pa3JIHHHBIX OpraHHHeCKHX 
conojiHMepOB. Macca MOJieicyji tojihhob 
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b aTMoc(j)epe TnTaHa AOCTnraeT 8000 a. 
e. m., HMeeT odmyio (jjopMyjiy CxHyNz 
Macca TpHTOHa cocTaBjraeT 99,5 % 
OT CyMMapHOH MaCCBI Bcex H3BCCTHBIX 
Ha ^aHHBiii momcht cnyTHHKOB Hemy- 
Ha. TaKHM o6pa30M, Bee ocTajiBHBie ero 
CnyTHHKH HMeiOT OHeHB HC3HaHHTeJIB- 
Hyio Maccy. ^encTByiomHe reihepBi 
TpHTOHa BBiOpacBiBaiOT BemecTBO Ha 
HecKOJiBKO KHjiOMeTpOB BBepx. Cnyr- 
hhk, npeAnojio^cHTejiBHO, hbjiuctch ea- 

MBIM XOJIO^HBIM oObCKTOM B COJIHCHHOH 

CHCTeMe H3 Tex, hto o6jia^aiOT reojio- 
THnecKOH aKTHBHOCTBio. TeMneparypa 
Ha noBepxHOCTH TpHTOHa cocTaBjiaeT 
b cpe^HeM 38 K. 3to hbctojibko xo- 
jiOAHan noBepxHOCTB, hto a30T, Bepo- 
htho, oce^aeT Ha Hen b bhac hh en hjih 
CHera. Kax h Ha IIjiyTOHe, Ha TpHTO- 


He a30THBie jibabi noKpBiBaiOT okojio 
55 % noBepxHOCTH, 20-35 % npn- 
XO^HTCa Ha BOAHHOH J1GJX h 10-25 % 
Ha cyxoii jieA- Tax>xe noBepxHOCTB 
TpHTOHa (b ochobhom b kuxhoh no- 
jinpHOH rnanKe) noxpBiTa He3HanH- 
TeJIBHBIM KOJIHHeCTBOM 3aMCp3HIHX 

MeTaHa h yrapHoro ra3a - 0,1 % h 
0,05 % cootbctctbchho. Amoe^epa 
TpHTOHa coctoht H3 a30Ta: 99,9 % h Me- 
TaHa: 0,1 % [21]. 

K)5KHan nojiapHan rnanKa H3 p030B0- 
ro, JxejiToro h 6ejioro Marepnajia 3aHHMa- 
eT 3HaHHTejiBHyio nacTB iojkhoto nojiy- 
rnapHu enyTHHKa. 3tot MaTepnaji coctoht 
H3 a30THOTO JIBJia C BKJHOHeHHflMH MeTaHa 
h MOHOOKCH^a yrnepOAa. Cjiadoe yjiBTpa- 
^HOJieTOBoe H3JiyHeHHe ot Cojimja Aen- 
CTByeT Ha MeTaH, BBrsBraan xHMHneexHe 
peaKOHH, npHBO^mHe k nouBjieHHio po- 
30BaT0-5KeJIT0H Cy6CTaHH,HH, XaX TOJIHHH. 

3aKjiwneHue 

1. YcTaHOBjieHO Hajimme opraHH- 
Hecxoii (JjopMBi yrjiepo^a b OjimxHeM 
xocMoce - b MeTeopHTax, xoMeTax, njia- 
HeTax Cojihchhoh chctcmbi, hx cnyTHH- 
xax, r^e hct Ohotchhoto BemecTBa. 

2. IIoxa3aHO, hto b MeTeopHTax Haii- 
^eHBI HOpMaJIBHBie h pa3BeTBjieHHBie 
ajixaHBi, c hhcjiom aTOMOB yrjiepo^a b 
A enn ot C 15 ao C 30 , AHXjioajixaHBi, H30- 
npeHOHABi, npHCTaH h (JjHCTaH, ajixeHBi, 
apOMaTHnecxHe yniepOABi, ajixnji6eH30- 
jibi, HacjiTajiHH, (JjeHaHTpeHBi, nnpeHBi, 
XapOOHOBBie XHCJIOTBI, nHpHMHAHHBI, 
nypHHBi, ryHHjiMoneBHHa, nop(J)HpHHBi, 
aMHHOXHCJIOTBI. 

3. YcTaHOBjieHO, hto b amoctjiepe 
xomct h njiaHeT Cojihchhoh chctcmbi 
- Mapca, tOrarrepa h CaTypHa, YpaHa, 
HenTyHa h IIjiyTOHa oOHapyjxeH MeTaH 
h ero roMOJiorn. 

4. IIoxa3aHO, hto Ha cnyTHHxe Th- 
TaH ecTB MeTaHOBBie Mopn, a Ha IIjiyTO- 
He h ero cnyTHHxax, a Tax>xe Ha cnyTHH- 
xe HenTyHa TpHTOH MeTaH HaxoAHTCn b 
TB epAOM COCTOaHHH. 

5. TeMnepaTypa b Cojihchhoh cncTe- 
Me ot - 38 K ao 700 K. noxa3aHO, hto 
opraHHnecxHe BemecTBa o6pa3yiOTca 
Tax)xe npn hh3xhx TeMnepaTypax. 
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QUANTITATIVE DETERMINATION OF ETHACYSINE IN TABLETS 
BY SPECTROFLUOROMETRY AS ITS SULFONE 
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The new method was elaborated for quantitative determination of ethacysine hydrochloride (the diethylamino analogue of ethmozine) (ET) in 
the form of the corresponding sulfonic derivative obtained with the use of potassium hydrogenperoxomonosulphate, through the spectrofluorometry 
(X cx = 264 nm/ A, em = 380 nm). Linear concentration dependence was preserved in the concentrations interval (1-8)T0' 6 mol/l ET, lgl=97047c - 
0.003 (r=0,999). LOQ =1 .1 TO' 6 mol/l. It was shown that in the determination of ET in the tablets of 50 mg (Olainfarm, Latvia) using the developed 
method, RSD =1.7% (accuracy, 5 =- 0.2%). 
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I ntroduction. Ethacysine (sin. 

Aethacizin; Etacizin; Ethacizin; 
Ethacyzin; EZ-55; NIK-244) - ethyl 
N-[10-[3-(diethylamino)propanoyl] 
phenothiazin-2-yl] carbamate hydro- 
chloride (ET) - belongs to 10-acyl 
derivatives of phenothiazine (the 
diethylamino analogue of ethmozine). It 
is used in medicine as the antiarrhythmic 
agent [1] (fig. 1). It is produced in the 
form of 2.5% solution for injections in 
2 ml ampoules, and also 0.05 g tablets 
(manufactured by Olainfarm, Latvia). 

Despite the wide application of ET 
in medical practice, analytical method 
of quantitative determination of this 
pharmaceutical preparation has not been 
investigated enough. 

For quantitative determination 
of ET in medical preparations 
and biological fluids the BEPX 
method was suggested [2,3] - direct 
ultraviolet spectrophotometry [4], 
photoelectrocolorymetry in the form 
of oxydative-hydrolitic decomposition 
product in the sulphuric acid environment 
[5]. For the purpose of detecting the 
falsified medicines (identity clarification) 
the methods of TLC, UV, and 
IR-spectroscopy were suggested [6]. 

Besides, in the literature a number of 
original articles were found describing 
the highly- sensitive spectrofluorometric 
methods of identification and quantitative 
determination of the phenothiazine 
derivatives in different medicines 
[7-9]. However, the ET fluorescent 


characteristics have not been studied 
before, and there appeared to be no 
methods. 

The aim of this paper is to provide 
a detailed investigation of the kinetics 
of ET oxidation with the potassium 
hydrogenperoxomonosulphate, and 
fluorescence spectrums of ET and its 
oxidation products in order to develop 
the unified highly-sensitive and selective 
method of quantitative ET determination 
in the pharmaceutical preparations. 

Experimental section 

Instruments, matrials, reagents and 
methods 

Ethacysine hydrochloride, substance- 
powder, manufactured by FSUC State 
Research Centre of Organic Products and 
Colorants (NIOPIK, Russia) complying 
with the ND 42-8072-97. 

Ethacysine tablets (0.05 g) 
produced by AS Olainfarm, Latvia (ser. 


280615). Film-coated tablets: tablet 
core: active substance: Ethacysine 
hydrochloride (ethyl N- [10- [3- 

(diethylamino) propanoyl] phenothiazin- 
2-yl] carbamate hydrochloride) 50 mg, 
with additive agents: potato starch - 
9.57 mg; sucrose - 19.3 mg; 

microcrystalline methylcellulose - 
0.33 mg; calcium stearate - 0.8 mg 
shell; sucrose - 37.695 mg; povidone - 
0.753 mg; quinoline yellow dye (El 04)- 
0.025 mg; dye ’’sunset' 'yellowFCF (El 10)- 
0.003 mg; calcium carbonate - 6.308 mg; 
magnesium hydroxycarbonate main 
- 3.678 mg; titanium dioxide (El 71) - 
0.665 mg; silica dioxide - 0.827 mg; wax 
Camuba Wax - 0.046 mg. 

Oxone®, monopersulfate (2KHS0 5 
• KHS0 4 - K 2 S0 4 ) (SIGMA-ALDRICH), 
CAS: 70693-62-8 (in further - oxone). 
Active oxygen (AO) 4.5 % w/w. 

For preparation of 4T0' 2 mol/l 
of the initial solution of potassium 
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Fig. 2. Electronic absorption spectrum of ET0 2 c(ETO 2 )=2.2T0' 5 mol/1; pH=9.2 



Fig. 3. Fluorescence spectrum of ETO 2 c(ETO 2 )=2.2T0‘ 5 mol/1; pH=9.2 



Fig. 4. Kinetic curves of ET oxidation using potassium 
hydrogenperoxomonosulphate c(KHSO 5 )=1.77T0‘ 3 MOJib/ji; c(ET)=4.7T0' 4 
MOJib/ji; pH : 1 - 5.6; 2 - 8.5-9.2. 


hydrogenperoxomonosulphate (KHS0 5 ) 
the sample weight 0.615 g of oxone 
was diluted in 50 ml double-distilled 
water. Solutions were kept for a week 
at the room temperature. The solution 
with the concentration of 2.2T0' 3 mol/1 
was received through the corresponding 
dilution of double-distilled water. 

The standard ET solutions were 
prepared at the exact sample weights 
of preparation substance on the double- 
distilled water. The working standard 
solutions of ET were prepared out 
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of the initial solutions through the 
corresponding dilution with double- 
distilled water. All solutions were kept 
at the room temperature in the dark cool 
place. 

The absorption and fluorescence 
spectrums were recorded at the 
temperature of 20°C on the fluorescent 
spectrophotometer MPF-4 «Hitachi», 
equipped with the specialized MPF 
computer (612-0655). The gauge and 
recording of the fluorescence spectrums 
of the researched ET oxidized derivatives 


were conducted at least 5 times, 
averaged and deducted the averaged 
spectre of base solution (without the 
determined derivative: potassium 

hydrogenperoxo sulphate taking into 
account the oxidation stoichiometry). 

Oxone solution standardization 
procedure. The composition of 
active oxygen in the oxone samples 
and concentration of potassium 
hydrogenperoxo sulphate solutions 
were determined using the iodometric 
titration method: precisely weighted 
amount of oxone is diluted in 10-15 ml 
of double-distilled water, acidified with 
1-2 ml of 0.1 M dipping acid solution, 
added 1 ml of potassium iodide solution 
5%, and free iodine was titrated with 
0.02 M of standard sodium thiosulphate 
solution using the 10 ml microburette. 
The amount of standard test reagent was 
measured with the accuracy of ±0.01 ml. 

Standard sodium thiosulphate 
solution was prepared using the 
standard titre fixanal ampoule on 
the double-distilled water. Titrated 
0.02 M thiosulphate solution was 
prepared through the corresponding 
dilution of the initial solution in the 
newly boiled double-distilled water with 
the addition of chemically pure sodium 
carbonate [10]. 

The pH solutions were prepared 
using the electrometric compensation 
method on the laboratory ion-meter "H- 
130” with the glass electrode ”3CJI-43- 
07” together with ”SSCE” (sat. Silver/ 
Silver Chloride Electrode). 

The necessary environment acidity 
was maintained using the buffer solutions 
prepared on KH 2 P0 4 and K 2 HP0 4 
according to Green [11]. The S-oxidation 
kinetics of phenothiazine derivatives was 
studied using the methods of samples 
selection according to the discharge 
of potassium hydrogenperoxosulphate 
(iodometric titration of the oxidant 
residue). 

Studying the methodology of the 
reaction kinetics using the iodometric 
titration method. Into 1 00 ml measuring 
flask 20-30 ml buffer solution, 20.0 ml 
of IT O' 2 mol/1 potassium hydrogen 
peroxomonosulphate and 5.0 ml of 
1 T O' 2 mol/1 ET solution were sequentially 
poured (the stopwatch started); shaking 
the solution in the flask immediately the 
volume was brought to the mark; corked 
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R 2 S + KHS0 5 R 2 SO + KHS0 4 (pH<7) 

R 2 SO + KHS0 5 R 2 S0 2 +KHS0 4 (pH>7) 

Fig. 5. Scheme of ET oxidation using potassium hydrogenperoxomonosulphate 



Fig. 6. lg I fl dependence on concentration of ET0 2 (pH 9.2) 


and thoroughly mixed by turning the 
flask. Then after some time using the 
10 ml pipette the reaction mixture was 
taken and while mixing poured into the 
conic flask with 1 ml of 5 % potassium 
iodide and 5 ml of 0.1 mol/l dipping acid 
solution. The released iodine was titrated 
with 0.02 mol/l solution of sodium 
thiosulphate measuring the volume with 
an accuracy of ±0,01 ml. 

Spectrums of fluorescence of ET 
solutions of concentration (pH solution) 
for the maximum excitation band 
(X ex , 264 nm), position of maximum 
emission band, X , 392 nm: ETO 
(ET sulfoxide) MO' 5 mol/l (pH 5.6; 0.02 
mol/l KH 2 P0 4 and K 2 HP0 4 ) (264) 380. 
ET02 (ET sulfone) MO' 5 M (9.2, 0.02 
mol/l K 2 HP0 4 ) (264) 380 (fig. 2 and 3). 

Kinetics of ETO oxidation reaction 
was also studied spectrofluorimetrically 
according to the formed oxidation 
product (ET0 2 ) at 380 nm, the cell 
thickness 1 = 1 sm; for the solutions 
mixing the Budarin’s reactor was used 
[12]; the time was recorded using the 
stopwatch from the moment of solutions 
mixing. Before draining the solutions 
were thermostated in the thermostat 
UTU-2 (Zeamit, Horizont Krakow- 
Poland) at 20±0.5° C. The reactions 
constants (£ ^ were found by the slope 
ratio of the initial sections of kinetic time 
curves InT. 

n 

Results and discussion 

The kinetics studying results showed 
that at c(KHS 0 5 ) = 1.77-1 0' 3 mol/l; 
c(ET) = 4.7-1 O' 4 mol/l ET oxidation 
takes place quantitatively and 
stoichiometrically with the formation 
of the corresponding sulfoxide of 
ET (ETO) and sulfone of ET (ET0 2 ) 
ethacysine derivative: in acid medium 
(pH 5. 6-6. 5) per 1 mol of ET 1 mol of 
KHSO s (formation of ETO) is spent, 
and in the alkaline medium (pH 8. 5 -9. 2) 
- 2 mol of KHS0 5 (ET0 2 formation). 
Stoichiometric ETO formation is 
achieved practically immediately 
(observation period 1 min); ET0 2 is 
quantitatively formed during the period 
not exceeding 15 min (fig. 4). 

The fig. 5 provides the 
general scheme of reaction of 
ET S-oxidation using potassium 
hydrogenperoxomonosulphate. 

It was determined that reaction of 


ETO oxidation into ET0 2 is biomolecular, 
first-order with two reagents. Under 
the conditions of pseudo-first reaction 
behaviour order (KHS0 5 surplus) the 
kef were calculated. The ET oxidation 
reaction equation was derived, which 
looks as follows: 

- d[ET]/dt = k\ ETO], 

d[ETO]/dt = k x [ ET] - 
- k 2 [ ETO], d[ETOJ/dt = -k 2 [ ETO], 

k>>k 2 . 

The quantitative sulfone of ET 
formation was achieved for 15 min in the 
presence of oxidant surplus at pH>8,5. 
Under the comparative conditions the 
fluorescence of ET sulfonic derivative 
is next stronger than that of unoxidized 
ET or partially oxidized derivative (ET 
sulfoxide). The highest fluorescence was 
observed in the alkali water solution with 
PH 9.2. Based on the results received the 
relatively simple and quite sensitive method 
was developed - spectrofluorimetric ET 
determination in the coated 0.05 g tablets 
(manufactured by «01ainfarm», Latvia). 
The method was based on the formation of 
intensely fluorescent S-oxidation product, 
formed at the interaction of ET with 
potassium hydrogenperoxomonosulfate in 
the alkali medium (pH 9.2). 

Into the measuring flask 25 ml of 
thoroughly filtered through the paper 
filter (blue bond) analysed pills solution 
(or working standard sample) of ET was 
poured, the oxone (surplus) solution 


was added as well as the buffer mixture 
solution, and, thus the volume was 
brought up to the mark with double- 
distilled water and thoroughly mixed. 
After 1 5 min of storage the fluorescence 
of the received oxidation product was 
measured (X = 264 nm/ X = 380 nm). 

v ex em 7 

The preparation composition was 
determined using the standard method, 
taking into account the dilution. 

Linear concentration dependence was 
preserved within the concentrations range 
of (1-8)* 10 -6 mol/l ET, lg/=(97.0±7.9)-10 3 c, 
where c in mol/l (r=0.999) (Fig. 6). Using 
the method of “introduced (p) - found 
(x )» the analysis results correctness was 

verified, 5 < RSD, where 5 = ^ X ~^ 1Q ° . 

(n= 5, P=0.95). It was shown that when 
determining the ET in tablets (50 mg) 
manufactured by Olainfarm using 
the researched method RSD = 1.7% 
(5 = - 0.2%, as compared toh the 
certificate data). LOQ =1.1 TO -6 mol/l. 
The content of the active pharmaceutical 
ingredient (API) was 50.3 mg (at 
admission 47.5- 52.5 mg) in one tablet. 

Conclusions 

1. The kinetics was studied of the 
reaction of ethacysine S-oxidation using the 
potassium hydrogenperoxomonosulphate 
in the acid and alkali medium under 
the conditions of oxidant surplus. The 
oxidation products identification was 
conducted. 
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2. The study was conducted in relation 
to the simple, selective, and sensitive 
method of the quantitative ethacysine 
determination in the form of corresponding 
sulfonic derivative (ethacysine sulfone) 
using the spectrofluorometry method in the 
tablets (0.05 g). 
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ORGANIC COMPONENTS OF OIL IN 
METEORITES AND COMETS 

G.S. Simonian, Candidate of Chemistry, Associate Professor 
Yerevan State University, Armenia 

Evidentiary basis of the abiogenic petroleum origin (on Earth) 
theory is the presence of carbon, including its organic forms, in 
meteorites and comets, where no biogenic substances are present. It 
is shown that normal and branched alkanes, cycloalkanes, isoprenoids, 
pristine and fistine, alkenes, aromatic hydrocarbons, alkyl benzenes, 
naphthalene, phenanthrene, pyrene, carboxylic acids, pyrimidines, 
purines, gunilmochevina, porphyrins, aminoacids have been found in 
meteorites. Among the organic substances identified in the methanol 
extract taken from the Murchison meteorite the authors have discovered 
molecules that have an average formula C100H155020N3S3. As for 
the Chelyabinsk meteorite, among the gases revealed in the course 
of degassing at 343K there were methane, ethane, propane, butane, 
heptane, hexane, ethene, propene, and pentene. In the comet dust of 
the comet 8 IP / Wild 2 there were found methylamine, ethylamine, 
and glycine. In the comet 67P / Churyumov-Gerasimenko molecules of 
acetone, propanal, formaldehyde and methyl isocyanate were found; on 
the surface of the comet presence of the polymer molecules was shown. 
It is shown that the organic substances in comets and meteorites are also 
formed at low temperatures; at high temperatures the transformation of 
organic compounds towards the formation of substances with a high 
isobaric potential is observed. 

Keywords: abiotic oil, organic substance, biotic substance, space, 
meteorite, comet, planet, cosmochemistry, reaction mechanism. 
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OPTAHHHECKHE COCTABJIRIOIIJHE 
HEOTH B METEOPHTAX H KOMETAX 

Chmohuh T.C., Kaim. xhm. HayK, ^oifeHT 

EpeBaHCKHH rocynapCTBeHHBin yHHBepcHTeT, ApMeHna 

/],OKa3aTejir>HOH 6a30H Teopnn HeopraHnuecKoro nponcxoRaemni 
He(j)TH Ha 3eMjie aBjiaeTca Hajimme yraepoaa, b tom uncjie opraHnue- 
ckhx ero ^opM, MeTeopHTax h KOMeTax, r/je HeT dnoreHHoro BemecTBa. 
IIoKa3aHO, hto b MeTeopHTax HaiUeHbi HopMajibHbie h pa3BeTBjieHHi>ie 
ajiKaHti, HHKjioajiKaHbi, H3onpeHomu>i, npHCTaH h (JtHCTaH, ajiKeHti, 
apOMaTHuecKne yraepoati, ajiKHji6eH30Jibi, HatJiTajiHH, (JiCHaHTpeHbi, 
nupeHti, xapdoHOBbie KHCJiOTbi, nupuMujumbi, nypHHbi, ryHHjiMone- 
BHHa, nOp4)HpHHbI, aMHHOKHCJIOTbl. CpejJH H^eHTH^HItHpOBaHHblX 
b 3KCTpaTe MeTaHOJia MypHHCOHCKoro MeTeopHTa opraHHuecKHx Be- 
utecTB aBTOpbi o6Hapy>KHjiH MOJieKyjibi, KOTOpbie hmciot cpe^Hroro 

(JtopMyjiy C100H155020N3S3. IIpH aera3aiiHH npn 343 K b cocTaBe 

ra30B MejiaduHCKoro MeTeopHTa npHcyTCTByiOT MeTaH, 3TaH, nponaH, 
6yTaH, renTaH, rexcaH, 3TeH, nponeH, dyzjeH h neHTeH. B komcthoh 
nbuiH KOMeTbi 81 P/Wild 2 odHapy^xeHbi MeTHjiaMHH, 3THjiaMHH h tjih- 
h;hh. B KOMeTe 67PAIypK)MOBa — repacHMeHxo o6Hapy>xeHbi MOJie- 
xyjibi aucTOH, nponaHajib, (fjopMajibaerna h MeTHjiH30HHaHaT, a Ha 
noBepxHO cth KOMeTbi noKa3aHO Hajinune nojiHMepHbix MOJieicyji. IIo- 
Ka3aHO, hto opraHHuecKHe BemecTBa b KOMeTax h MeTeopHTax o6pa3y- 
K)tch Tax)xe npn hh3khx TeMnepaTypax, a npn dojibinux TeMnepaTypax 
npOHCXO^HT TpaHCtjlOpMaHHH OpraHHHeCKHX COeaHHeHHH B CTOpOHy 
o6pa30BaHH» BemecTB c dojibinuMH H3o6apHbiMH noTCHHuajiaMH. 

KjnoHeBbie cjioBa: adnoreHHaa He^Tb, opraHnnecKoe BemecTBO, 
dHoreHHoe BemecTBO, kocmoc, MeTeopHT, KOMeTa njiaHeTa, kocmoxh- 
mh a, MexaHH3M peaKHHH. 

YnacTHHK ko n (J) ep e n u h h , 

Han,HOHajibHoro nepBeHCTBa no HaynHon aHajiHTHKe, 

OTKpbiToro EBponeiiCKO-A3HaTCKoro nepBeHCTBa no HayHHoii aHannTHKe 


http ://dx. doi.org/ 10.1 8007/gisap :pmc. vOi8 .1553 


0Ka3aTejibCTB0M TeopHH Heopra- 
HHuecKoro np0HCX05K,ZfeHH5I HC(j)TH 
Ha 3eMjie ^bjihctch HajiHune yrjiepoaa, 
b tom HHCJie opraHHuecKHx ero (J)opM 
B Me)K3Be3AHOM npOCTpaHCTBe, TyMaH- 
hoctux h coceAHHx rajiaKTHKax, me HeT 
dnoreHHoro BemecTBa [1-3]. 

HajiHHne opraHHHecKoro BemecTBa 
BnepBbie o6Hapy)KeHO b MeTeopHTax. 
Ejiaro/japn kocmhhcckhm Hcejie^OBa- 
HHUM C HCn0JIB30BaHHeM CnyTHHKOB, 
KOCMHHeCKHX H Ha3eMHBIX TenecKonoB 
H HHTep(j)epOMeTpOB B KOCMOCe HfleH- 
TH^HIfHpOBaHBI CBBIHie 200 pa3JIHHHbIX 
MOJieKyn, b tom HHCJie opraHHHecKHe 
MOJieKyjibi, BXOA^HfHe B COCTaB HC(j)TH 

[2-5]. 

EJeJIblO 3TOH CTaTBH HBJIHeTCH noo- 
3aTt, xaKHe opraHHHecKHe coeAHHemra 
H^eHTH(J)HifHpoBaHBi b MeTeopHTax H 
KOMeTax, a TaK^ce cneipujmKa kocmoxh- 
MHHeCKHX peaKIfHH HX o6pa30BaHHfl B 
yCJIOBHUX KOCMOCa. 

J\jik nojiHoro noHHMaHHH ^ajiBHen- 
rnero H 3 Ji 05 KeHH^ Ha^o m tb onpe^ejie- 

HHe H 06b5ICHeHHe HeKOTOpbIX TepMHHOB 

[6,7]. 


B Cojihchhoh CHCTeMe eymecTByiOT 
ABe o 6 jiacTH, 3anojiHeHHBie MajiBiMH Te- 
JiaMH. fl05IC aCTepOH^OB, HaXO^HfHHCa 
MQHKjiy MapcoM h lOnHTepOM, cxouk no 
cocTaBy c njiaHeTaMH 3eMHoii rpynnbi, 
nOCKOJIBKy COCTOHT H3 CHJIHKaTOB H 

MeTamiOB. 3 a opdHToii HenTyHa paeno- 
jiaraiOTCH TpaHCHemyHOBbie odbeKTbi, 
COCTOflHfHe H3 3 aMep 3 HieH BO/fbl, aMMH- 
axa h MeTaHa. 

MeTeopoHTOM Ha3biBaeTcn kocmh- 
necKoe Teno pa3MepOM ^o He ckojibkhx 
M eTpOB, jieTfmjee no op6nTe h nona- 
Aaiomee b amoc(j)epy 3eMjin. Bonee 
KpynHBie Tena Ha3biBaiOTC5i acTepon- 
^aMH. Oco6o iipKH e MeTeopbi Ha3braa- 
K)T OojiHaaMH. CjieayeT otmcthtb, hto 
M eTeOpHTBI COBMeCTHO CO CBOHMH pO- 
^HTeJIBCKHMH TejiaMH - acTepon^aMH 

npHHafljie5KaT k Cojihchhoh chctcmc. 
no AaHHbiM AflepHOH reoxpOHOJiornH 
B03pacT MeTeopHTOB 4,6-4, 5 Mjip^ neT, 
HTO B OCHOBHOM COBna/jaeT c B03paCT0M 
3eMjin h JlyHBi. CjieAOBaTejibHO, Me- 
TeOpHTBI, HeCOMHeHHO, flBJUHOTCfl CBH- 
AeTeJI^MH ({)OpMHpOBaHHa pa3JIHHHBIX 
XHMHHeCKHX COe^HHCHHH, B TOM HHCJie 


h opraHHHecKHx, Ha eaMbix paHHHx 3Ta- 
nax pa3BHTM Cojihchhoh CHCTeMbi [6]. 

KoMeTa (ot Ap.-rpen. KopfiiTjc;, - bo- 
jioeaTbiH, KOCMaTbin) - Hedojibinoe He- 
6 ecHoe Tejio, Bpamaiomeeca BOKpyr 
CojiHifa no KOHHHecKOMy eeneHnio e 
BeebMa pacT^HyTOH op 6 htoh. KoMera, 
npHdbiBaiOHfHe H3 rjiydnHbi KOCMoea, 
BbirjiHa^T KaK TyMaHHbie odbeKTbi, 3a 
KOTOpbIMH THHeTCH XBOCT, HHOr^a RO- 
CTHraiOHfHH B flJIHHy He CKOJIBKHX MHJI- 
JIHOHOB KHJIOMeTpOB. 51% pO KOMeTbi 

npeACTaBjiaeT codon Tejio H3 TBep^tix 
nacTHif, OKyTaHHoe TyMaHHoii o6ojioh- 
KOH, KOTOpaH Ha3bIBaeTCa KOMOH. 

KoMa (h 3 jiaT. coma , ot ^p.- 
rpen. xopfi/Kop 1 ! - BOJioebi) - odjiaKO 
H3 nbuiH h ra3a, OKpy}Kaiomee n,apo 
KOMera. BMecTe «KOMa» h «aApo» 06 - 
pa3yiOT «rojiOBy» KOMeTbi. C npHdjin- 
5KeHneM KOMera k CojiHify «rojiOBa» 
yBejiHHHBaeTCn, h HHor^a nouBjineTca 
«xboct». KoMa KOMeTbi HMeeT noH- 
TH HiapOByiO (})OpMy H odbIHHO T^HeTCa 
OT 100 TbIC. £0 1,4 MJIH KM OT H^pa 

EnoreHHoe eemecTeo - BemecTBO, 
npeACTaBjiaioHiee codon ocTaTKH OTMep- 
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Phc. 1. MeTeopHT AjibeH/je, ynaBumii Ha 3eMjno b 1969 rojiy b MeKCHKe 


HIHX OpraHH3MOB H npQayKTLI 5KH3He£efl- 
TeJIbHOCTH H JIHHbKH 5KHBBIX OpTaHH3MOB. 

OpraHHHe CKHMH Ha3BIBaiOT coe^H- 
HeHM yraepo^a c ,apyrHMH 3JieMeHTa- 

MH, BKJIIOHaiOmHe aTOMBI BO^OpO^a, 
KHCJiopo^a, a30Ta, cepbi, ranoreHOB h 
^ pyrnx 3JieMeHTOB. 

YrjieBoaopoabi (YB) - opraHHHe- 
CKHe COe^HHeHHa, C0CT05miHe H3 aTOMOB 

yraepo^a h Bo^opo^a. YrjieBO^opo^bi 

CHHTaiOTCa 6a30BbIMH COe^HHCHH^MH 
opraHHHe cko h xhmhh, Bee ocTajibHbie 
opraHHHecKHe coe^HHeHHa paccMarpH- 
BaiOT KaK HX npOH3BO^Hbie. 

OpraHHHecKoe semecTBO 
b MeTeopurax 

BnepBbie, b 1834 r. opraHHHecKoe 
BemecTBO b cocTaBe MeTeopHTOB Bbi^e- 
jihji HeHC ^ko 6 Eepijejinyc npH aHajiH3e 
yrnHCToro xoH^pHTa Ajia-nc. Xhmhhc- 
ckhmh aHajiH3aMH 6bino o6Hapy5KeHO 
npHcyTCTBHe b MeTeopHTax TBep^bix 
yrneBO^opo^OB, cjio5khbix cocahhchhh 
opraHHKH c cepoii h (j)occ[)opOM. B 1838 r. 
b IOjkhoh A(J)pHKe ynaji eme o^hh yrjiH- 
CTblH XOH^pHT, KOTOpblil HCCJie^OBaJI 
H3BeCTHbIH HeMei^KHH XHMHK OpH^pHX 

Benep. Oh bbi^cjihh H3 MeTeopHTa He- 
(J)Teo6pa3Hoe MaejuiHHCToe BemecTBO 
«c CHjibHbiM 6HTyMHH03HbiM 3anaxoM». 
B 1864 r. bo OpaHijHH, b6jih3h flepeBHH 
Op-reiiJib, Bbinaji MeTeopHTHbiii ao^k^b 
H 3 yrjIHCTbIX XOHApHTOB. OpaHIjy3CKHH 
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xhmhk Kjieij ^OKa3aji, hto HepacTBO- 
pHMoe b Bo/je nepHoe BemecTBO MeTeo- 
pHTa OpreiiJib npe^CTaBjiaeT co6oio He 
rpa(j)HT hjih aMop(J)Hbm yrjiepo^, a opra- 
HHHecKne coe^HHeHH^ noxo5KHe Ha YB 
BCTpenaioniee b TOp(j)e nun 6ypOM yrne. 
C noaBjieHHeM coBpeMeHHbix tohhbix 
aHaJIHTHHeCKHX MeTO^OB, n03B0JI5H0- 
hjhx ynaBjiHBaTb caMbie He3HaHHTejn>- 
Hbie KOHH,eHTpau,HH yraeBO^opo^OB h 
onpe^ejiaTb hx cocTaB, CBe^eHHa o co- 
,aep}KaHHH ymeBo^opo^OB b MeTeopH- 
Tax yBeJIHHHJIHCb bo mhoto pa3. 


Han6ojiee TmarejibHO h oOcTOirrejib- 
ho H3yHajiHCb yrjiHCTbie xoh/jphtbi, 3Ha- 
HHTejibHa^ nacTb yrjiepo^a KOTOpbix Ha- 
XO^HTCa B BH^e OpraHHHeCKHX COe^HHe- 
hhh. B KHHre [1] H.A. Ky^pjiBijeB, aHa- 
jiH3Hpya pa6oTbi m. B^OBbiKHHa [8], 
HyHep h Opo [9] h ^pyrnx [10], 
noKa3biBaeT HajiHHHe YB b MeTeopHTax 
yrjiHCTbix xoH^pbiTax h hx 3HaneHH5i Rim 
Bonpoca reHe3Hca He(j)TH. B pa6oTe [8], 
Hcnojib3ya pe3yjibTaTbi Hcejie/jOBaHHH 
yraepo^HCTbix BemecTB b 20 yrjiHCTbix 
MeTeopHTax noKa3aHO, hto bo Bcex Me- 
TeopHTax npHCyTCTByiOT B pa3JIHHHbIX 
COOTHOHieHH^X aJIKaHbl H HX H30MepbI 

c hhcjiom aTOMOB yniepo/ja b ijenn ot 
neHTa^eKaHa ^o TpnaKOHTaHa. IIoKa- 
3aHO TaK)Ke, hto b b MeTeopHTe Opren 
HMeeTca HajiHHHe npHCTaHa h (J)HTaHa. 
m. B^obkhh othocht o6pa30BaHHe 
yraeBO^opo^OB k nepno^y, Kor^a yran- 
CTbie XOH/JpHTbl 6bIJIH COCTaBHOH na- 
CT bio aCTepOH^OB H HaXOAHJIHCb b6jih- 
3H HX nOBepXHOCTH, H CB5I3bIBaeT 3TOT 
npoijecc c nocTynjieHHeM ra30B (C0 2 , 
CH 4 , H 2 h jsjp.) H3 pa3orpeTbix He/jp 
acTepOH^OB h B03^eiiCTBHeM Ha ra3bi 
KOCMHHecKHx nyneS. no#TBep)K£aeT 
npHcyTCTBHe b MeTeopHTax pa3JiHHHbix 
yrueBO^opo^OB - HOpMajibHbix ajiKa- 
hob h hx H30Mep0B h CTaTbfl HyHep 
h J\. Opo [9], Hccjie^OBaBHiHe 30 pa3- 
jihhhbix MeTeopHTOB h bo Bcex o6Ha- 
py5KHBHiHe yraeBOAOpo^bi b pa3JiHHHbix 
KOJinnecTBax. B mth MeTeopHTax ohh 
yCTaHOBHJIH (J)HTaH H npHCTaH. P. JleBH 
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Phc. 2. MypnHCOHCKoro MeTeopHTa 
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Phc. 3. HcjihShhckhh MeTeopHT b KpaeeoM My3ee 


c coTpy^HHKaMH [10] nyreM HarpeBa- 
hhh MeTeopHTa, ynaBinero b MexcHxe b 
1969 ro^y £0 423 K nojiynHji j\o 0,007% 
yrneBo^opo^OB (MeTaH, 6yTaH, 6eH- 
30ji, reKcaH, TOJiyon, H-OKTaH, kchjioji h 
T.fl.). 3to npeHMymecTBeHHO }XH£KHe 
apOMaranecKHe ynieBO/jopo/jBi, ho npn- 
CyTCTByiOT B 3aMeTHBIX KOJIHHe CTBBX H 

ajiKaHBi ot OKTaHa #o yHjiexaHa. npe#- 
BapHTejibHoe H3BjieneHHe ra30B b Ba- 
xyyMe He H3MeHHuo 3thx pe3yjn>TaroB. 
EojiBinan nacTt yraeBO^opo^OB bbi #ejBi- 
jiacb #o 423 K, nocjie 473 K ohh nonra 

He BtmeJHIJIHCB. ri03TOMy aBTOpBI CHH- 
TaiOT, hto nojiyneHHBie yrneBO^opOABi 
npeACTaBji^noT co6oh He pe3yjiBTaT pac- 
nafleHHn KpynHBix MOJieKyn, a npHpo#- 
hbih MarepHaji. 

T. BejiBCKHH h H. KanjiaH [11] b 11 
yrjIHCTBIX XOH^pHTaX 06Hapy5KHJIH p OR 
yrneBO^opo^OB ot MeTaHa #o renraHa. 
TaxHM o6pa30M, b HacTonmee BpeMn b 
MeTeopHTax o6Hapy)xeHO npHcyTCTBHe 
He TOJIBKO TBep^BIX, HO H OHeHB JieTKHX 
5kh£khx h j^ance Bcex ra30o6pa3HBix 
yrneBO^opo^OB. IIpHBjieKaeT Tax)xe 
BHHMaHHe TOT (fiaXT, HTO yrjieBO,aopOABi 
h onTHnecKH aKTHBHBie Ben^ecTBa, H3- 
BjieneHHBie H3 yrnncTBix xoh^phtob, co- 
^ep)KaT yraepOA, no H30TonHOMy cocTa- 
By o^nHaKOBBiH c yniepo^OM He(J)TeH [1]. 
npHBe,aeHHBie ^aHHBie noKa3BiBaiOT, hto 
H3onpeHOH,aHBie ynieBO/jopo/jBi, nop- 
(J)HpHHBI H OnTHHeCKH aKTHBHBie Beme- 
CTBa b ^eHCTBHTejiBHOCTH o6pa3yK>Tcn 
He TOJIBKO H3 OpTaHHHeCKOTO Belize CTBa, 
ho h aOnoreHHBiM nyTeM h hto 3thm 
nyTeM MoryT o6pa30BaTBCn h ^pyrne 


KOMnoHeHTBi He^Ten cjiojkhoto CTpoe- 
hh n. B yrjiHCTBix xoHApBiTax HanjieHBi 
cjie^yiomHe opraHnnecKHe BemecTBa- 
HopMajiBHBie h pa3BeTjieHHBie ajiKaHBi, 
IJHKJIOaJIKaHBI, H30npeHOH,aBI, I^HKJIOaJI- 
KaHBi, ajiKeHBi, apOMaranecKHe yniepo- 
Abi, ajiKHji6eH30JiBi, Ha^TajiHH, (JieHaH- 
TpeHBi, nnpeHBi, xapOoHOBBie khcjiotbi, 
nnpHMHflHHBi, nypHHBi,ryHHjiMOHeBHHa, 
nop(f)HpHHBI, aMHHOKHCJIOTBI [12]. 

B cocTaBe MypHHCOHCKoro MeTe- 
opHTa - kbmhh, ynaBinero Ha 3eMjno b 
1969 rojiy, - HanuiH okojio 14 tbicuh op- 
raHHHecKHx coe^HHeHHH. 

Hccjie^OBamni MypHHCOHCKoro 
MeTeopHTa, Ha3BaHHoro Tax no HMe- 
hh aBCTpajiHHCxoro ropo^xa, pn^OM c 
KOTOpBiM oh ynaji, BeAyrcn c MOMeHTa 
na^eHHu. O^Haxo ^o chx nop yneHBie 
HCxajiH b cocTaBe xaMHn tojibko Hnrepe- 


cyiomHe hx coe^HHeHHa. Abtopbi hoboh 
pa6oTBi npOBejin xpynHOMaciHTa6HBiH 
nOHCK, n03B0JHH0mHH BBIUBHTB OTpOM- 
Hoe hhcjio BenjecTB. Ochobhbim MCTO- 
A om, KOTOpBiii HcnojiB30BajiH yneHBie, 
6Buia Macc-cnexTpoMeTpHa. 3xcTpaKT 
MeTaHOJia HMeeT cpe^Hioio (jjopMyjiy 
C,ooH 155 0 20 N 3 S 3 [ 13 ]. 

15 (JjeBpajin 2013 r. mohihbih 6 ojih# 
Ha 6 jiio^ajica mhothmh 5 XHTeji^MH Kyp- 
raHCKOH, TlOMeHCKOH, CBepAJIOBCKOH H 
^ejiaOHHCKoii o 6 jiacTeii. ilpxan BcnBirn- 
xa H CHJIBHBIH B3pBIB HMCJIH Me CTO Ha 
nocejixaMH ^enyraTCKHH, EMaH5xejiHH- 
xa h IlepBOMaHCKHH npHMepHO b 40 km 
K)5kh ee r. HcjbiOhhck. YzjapHan BOJiHa 
BBiOnjia oxoHHBie CTexjia b HejinOnHcxe 
h oxpy)xaiomHx HacejieHHBix nyHKTax. 
MHoroHHCJieHHBie MeTeopHTHBie 06 - 
jiomkh BBinajiH Ha CHer h coOnpajiHCB 
MecraBiMH }KHTeji«MH cpa3y }xe nocjie 
B3pBiBa b paiiOHe yxa3aHHBix BBirne Ha- 
cejieHHBix nyHKTOB. KpynHBiii xycox 
npo 6 nji jiqjx 03epa HeOapxyjiB (70 km 
3 ana/jHee ^ejinOnHCxa). Boxpyr 3 toh 
8 m xpyrjioii nojiBiHBH 6 bijih Han^eHBi 
Mejixne ockojikh MeTeopHTa. HanOojiee 
KpynHBie H3 (jjpameHTOB, o 6 men Mac- 
con 654 xr, 6 bijih no^HUTBi 16 oxTaOpa 
2013 ro^a co #na 03epa HeOapxyjiB. 

riOKa3aHO, HTO MeTeopHT OTHOCHTCH K 
rpynne LL5 o6BiKHOBeHHBix xoh^phtob 
h xapaKTepH3yeTca yMepeHHOH CTene- 
hbk) y^apHoro MeTaM0p(J)H3Ma (S4). 
B cocTaBe MeTeopHTa HaiEjeHBi ojih- 
bhh (51.8%), opTonHpOKceH (21.6%), 
KjiHHonHpoxceH (5.4%), njiarnoKjia3 
(10.2%), anaTHT (0.5%), xpOMHT (0.8%), 
HJIBMeHHT (0.3%), H TpOJIHT (5.8%) [14]. 

B rexcaHOBBix sxcTparax MeTeopHTa 
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MeTO^OM CHHXpOHHOH eneKTpo(j)jiyopH- 
MeTpHH noKa3aHa bo3mo)khoctb HajiH- 
HHH B HepHOH HaCTH 06pa3IJ0B CJIO)KHBIX 
opraHHnecKHx eoeaHHeHHH c eonpji- 

5KCHHBIMH CBH35IMH [15]. 

Bbijih H3MepeHBi cocTaB ra30B h 
ynieBoaopoaoB b o6pa3aax MeTeopH- 
Ta ynaBinero b CHer b HedapKyjie [16]. 
HanpHMep npH aera3aijHH npH 343 K b 
cocTaB ra30B HeonjiaBjieHHoro ockoji- 
xa HejindHHCKoro MeTeopHTa, ynaBine- 
ro b CHer, npHcyTCTByiOT He (0.25%), 
H 2 (41.27%), C0 2 (44.86%) h 

YB (13.62%). B cocTaBe YB CH 4 
(7.12%), C 2 H 6 (0.42%), C 2 H 4 (2.51%), 
C 3 H 8 (0.06%), C 3 H 6 (1.31%), C 4 H 10 
(0.007%), C 4 H 8 (1.10%), C 5 H 12 (0.98%), 
C 5 H 10 (0.11%) hC 6 H 14 (0.003%). 

TaKHM o6pa30M MeTeopHTax YB 
OHH HaXO^TC^ B BHfle nOCTOflHHOrO 
BH,noH3MeHeHHa. O^hh MOJieKyjiBi pae- 
menjunoTCn no a aghctbhcm H3JiyneHH5i, 
apyrne eniHBaiOTCJi. no3TOMy cocTaB 
YB b MeTeopHTe mo^cct eymecTBemio 
OTjiHnaTBca ot cocTaBa YB b momcht 
BBi6poca 3Toro BemecTBa c dojiBinoro 
KOCMnnecKoro Tejia, rae ycjiOBHa 6bijih 
apyrHMH. 

OpraHHHecKoe BemecTBO 
B COCTaBe KOMeT 

nepBBie pe3yjiBTaTH HajiHHHn op- 
raHnnecKHx eoeaHHeHHH b cocTaBe 
KOMeTBi, 6bijih nojiyneHti b 1986 roay, 
npH Hccjie^OBaHHH KOMeTBi rajuien 
rpynnoii kocmhhcckhx annapaTOB [17]. 
no3)Ke, b 1996 roay, npn aHCTaHijHOH- 

HOM HCCJieflOBaHHH C 3eMJIH HH(J)paKpaC- 
hbimh h paflHOTejiecKonaMH, y komctbi 
C/1996B2 Hyakutake noKa3aHO BBiaejie- 
hhh MeTaHOJia, MerajianaHHaa, anaHH- 
aa Boaopoaa, (jiopMajiBAern^a, MeTaHa, 
3TaHOJia h 3TaHa. Mhcchu Stardust b 
15 nHBapa 2006 r. CMoraa aocTaBHTB 

naCTHHKH KOMeTHOH nBIJIH KOMeTH 

81 P/Wild 2 Ha 3 cmjho. Pe3yjiBTaTBi aHa- 
JIH30B ^odBITOH nBIJIH npHBCJIH K He- 
KOTOpOMy nepeocMBicjieHHio Toro, hto 
T aKoe Boo6me komctbi. PaHee Ka3ajiocB, 
HTO KOMeTBi H aCTepOH^BI - 3TO 060CO- 
OjieHHBie Tejia, KOTOpBie (JiopMHpoBa- 
JIHCB pa3JIHHHBIMH nyT5IMH B pa3JIHHHBIX 
pernoHax npOTonjiaHeTHoro odjiaKa. 
TenepB hk e OKa3ajiocB, hto nBuieBBie na- 
CTHIJBI KOMeT npaKTHHeCKH H^eHTHHHBI 
cocTaBy yniepoacoaep5KamHM MeTeopn- 
TaM C-Kjiacca. Bhjih o6Hapy5KeHH a30T- 
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coaep5KamHe opraHHHecKHe eoeanHe- 
HHH - MeTHJiaMHHa CH 3 NH 2 , 3THJiaMH- 

Ha C2H 5 NH 2 h aMHHOKHCJiOTy rjiHijHH 
(NH 2 CH 2 COOH). 

KoMeTa 67P/HypiOMOBa - TepacH- 
MeHKO nonajia b HCTOpmo KaK nepBan 
KOMeTa, Ha KOTOpyio npH3eMji5i jihcb po- 
6otbi c 3eMjin. B 2014 roay c noMomBio 
KoeMHHecKoro annapaTa «Po3eiTa» Ha 
paCTOUHHH 200 KM OT KOMCTBI B o6jiaKO, 
OKpy}Kaiomee aapo komctbi, eneipiajiH- 
ctbi o6Hapy)KHjiH MOJieKyjiBi CO, C0 2 , 
S0 2 , H2 S , (jiopMajiB^erHfl, mcthjih30ijh- 
aHaT, aijeTOH, nponaHajiB h aaeTaMHa. 
TaK5Ke «Po3erra» noKa3ajia HajiHHHe 
nojiHMepHBix MOJieKyji Ha noBepxHOCTH 
komctbi, o6pa30BaBHiHeea no a aghctbh- 
eM paanaijHH, h OTcyTCTBHe apOMara- 
necKHx eoe^HHeHHH. Ha KOMeTe 6ojiee 
COTHH 06pa30BaHHH H30 JIB^a, KOTOpBIH 
npeBpamaeTCn b nap e nacTHaaMH nBIJIH 
npn npn6jiH}KeHHH komctbi k CojiHijy. 
HecjieAOBaTejiBCKHH Moayjn> Philae, 

OTfleJIHBHIHHCil OT P03CTTBI» H Cny- 
HieHHBIH Ha nOBepXHOCTB KOMeTBi 67P/ 
HypioMOBa - repacHMeHKO, o6Hapy5KHji 
opraHHHecKHe MOJieKyjiBi. 

npoaHajiH3HpoBaB jjaHHBie, nojiy- 
HeHHBie 30H^OM Po3eTTa, (j)paHIjy3CKHe 
yneHBie npHiujin k BBiBoay, hto KOMeTa 
HypioMOBa-repacHMeHKO ecjjopMHpoBa- 
jiacB okojio 4,6 Mjipa jieT Ha3aa. noKa- 
3aHO, hto Jiea Ha noBepxHOCTH komctbi 
HMeeT ynopa^OHeHHyio KpHCTajuiHHe- 
CKyio CTpyKTypy. noaodHBie naTTepHBi 
Ha6jno^aiOTca, Koraa Boaa ocTBiBaeT ot- 
HO CHTe JIBHO MeflJieHHO, nO^odHO TOMy, 
KaK oxjia^ajiHCB TyMaHHOCTH b paHHeii 
CojiHeHHoii cncTeMe. OKcnepTBi OTMena- 
IOT, HTO TaKOH Jiea ([>opMHpyeTC5i npH OT 
48 ^O 5 OK. YCTaHOBHTB B03paCT KOMeTBi 
HypiOMOBa-repacHMeHKO yneHBiM yaa- 
JIOCB, H3yHHB COOTHOHieHHe H30TOnOB H 
MOJieKyji aproHa, a30Ta h yrapHoro ra3a. 

Jiea Ha KOMeTe eo^ep^caji 3HanHTejiBHO 
MeHBiue aproHa, neM mo)kho 6bijio 6bi 
05KH^aTB, eCJIH 6 bI OH 6bIJI aMOp(J)HBIM, 
hjih HMeji HeynopajiOHeHHyK) CTpyKTypy 
MOJieKyji. B 3tom ejiynae 3 to 3HanHjio 
6 bi, hto oh o6pa30Bajiea 3a npeaejiaMH 
CoJIHeHHOH CHCTeMBI, B Me)K3Be3^HOM 
npocTpaHCTBe [18]. 

npn CHH 5 KeHHH TeMnepaTypBi Beme- 
CTBa npeo 6 pa 3 yiOTca b CTOpOHy CHH^ce- 
HHH XHMHHeCKOH SHepTHH, H Hao 6 opOT. 
AHajiorHHHBie npoueecBi npoxoa^T h 
Ha Bcex KOCMHHecKHx Tejiax. B kocmo- 
ee TeMnepaTypa Teji komct, MeTeopHTOB 


CHJIBHO 3aBHCHT OT H3JiyHeHHH 3Be3^I>I, 
OnTHHeCKHX CBOHCTB H OpHeHTaiJHH. 

Tax Ha opdnTe 3 cmjih a6eojiiOTHO nep- 
Hoe Tejio, opneHTHpoBaHHoe Ha CojiHi^e 
HMeeT TeMneparypy 392 K a nepHBiH 
BpamaiomHHca rnapHK 277 K. Taxoii 
rnapHK Ha opdnTe BeHepBi HMeeT tcm- 
neparypy 327 K, a Ha opdnTe MepKypnn 
445 K. Bcjie^CTBHe 3Toro npn H3MeHe- 

HHH OpHeHTai^HH HJIH npn6jIH}KeHHH 
(yaajieHHH), HanpHMep ana komct, ot 
3Be3atI npOHCXOaOT 3HaHHTeJIBHBie TeM- 
nepaTypHBie H3MeHeHHn kocmhhcckhx 
Teji, npHBoa^uiHe k hocto^hhbim xhmh- 
necKHM npeo6pa30BaHH^M hx cocTaBa. 
B padoTe [1] noKasaHO, hto npHHHHoii 
yCKOpeHHH CKOpOCTH npH HH3KHX TCM- 
nepaTypax rjik ra30$a3HBix peaKijHH 
aBjiaeTCH KBaHTOBoe TyHHejiHpoBaHHe, a 
aJUI TBepaO$a3HBIX peaKaHH - MexaHH3M 
THna ^BjieHHH derymeii bojihbi. npn 
noBBimeHHH TeMnepaTypBi, HanpHMep 
npn npn6jiH»ceHHH komctbi k CojiHuy, 
oneBHaHO nponcxoaHT TpaHC(f)opMaaHii 
OpraHHHeCKHX COeaHHeHHH B CTOpOHy 
o6pa30BaHH5I BemeCTB C 60JIBHIHMH H30- 
dapHBiMH noTeHanajiaMH, HenpeaejiB- 
HBIX H apOMaTHHeCKHX COeaHHeHHH, a B 
aajiBHeiiuieM KOKCOBamie, a npn yaajie- 
HHH H OXJia5KaeHHH KOMCTBI npOH30HaeT 
rnapHpoBaHHe coeanHeHHH, a TaK5Ke 
MHO)KecTBO apymx peaKipiH e odpaso- 
BaHHeM BemeCTB C MaJIBIM H306apHBIM 
noTeHanajiOM. 

3aKjiioHeHHe 

rioKa3aHO HajiHHHe opraHHHecKoii 
(jiopMBi yrjiepoaa b MeTeopHTax h komc- 
Tax. 

YcTaHOBjieHO, hto b cocTaBe Myp- 
HHCOHCKoro MeTeopHTa npHcyTCTByiOT 
okojio 14 TBicaH opraHHHecKHe eoeaH- 
HeHHe. CpeaH HaeHTHCjj HIJHp OBaHHBIX 
b 3KCTpaTe MeTaHOJia opraHHHecKHx 
BemecTB aBTOpBi odHapy^cnjin MOJieKy- 
jih, KOTOpBie HMeiOT cpeaHioio (j)OpMyjiy 

C 100 H 155°20 N 3 S 3- 

rioKa3aHO, hto npn aera3aaHH npn 
343 Kb cocTaBe ra30B HejiadHHCKoro 
MeTeopHTa npHcyTCTByiOT MeTaH, 3TaH, 
nponaH, 6yTaH, renTaH, reKcaH, 3TeH, 
nponeH, dyaeH h neHTeH. 

B KOMeTHOH nBIJIH KOMeTH 81 P/Wild 
2 odHapy}KeHBi MemnaMKH, 3THjiaMHH h 

rjIHII,HH. 

B odjiaKe, OKpyjKaiomee aapo ko- 
MeTBi 67PAIypiOMOBa - f epacHMeHKO 


o6Hapy}KeHH MOJieicyjiBi CO, C0 2 , S0 2 , 
h 2 s, ai^eTOH, nponaHajiB, ^opMajiB^erHA 

H MeTHJIH30U,HaHaT, Ha nOBepXHOCTH ko- 
MeTBi noKa3aHa Hajimnie nojiHMepHBix 
MOJieKyn. 

noKa3aHO, hto opraHHnecKHe Beme- 
CTBa b KOMMeTax h MeTeopHTax o6pa3y- 
lOTca Taioice npn hh3khx TeMnepaiypax, a 
npH 6ojiBninx TeMnepaiypax nponcxo^HT 
TpaHC^opMai^na opraHHuecKHx coe^HHe- 
HHH B CTOpOHy 06pa30BaHH5I BenjecTB c 
6ojiBniHMH H3o6apHBiMH noTempiajiaMH. 
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Features of copper and zinc migration in various types of soil 
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OCOEEHHOCTH MHTPAIJHH 
ME£H H LJHHKA B nOHBAX H HX 
OHTOTOKCHHHOCTb 

^aitemco B.B., icaim. xhm. HayK, uoucht 
X apBKOBCKHH HaUHOHaJIBHBIH aBTOMOdHJIBHO"UOpO}KHBIH 
yHHBepCHTeT, YKpanHa 

B pafioTe OKcnepuMCHTajibHO CMOuejiHpOBaHbi n paccMOTpem>i 
0C06eHH0CTH MHrpaitHH Me/Ui u UHHKa B pa3HBIX Tnnax nOHB B 3a- 
BHCHMOCTH OT MexaHHHeCKHX H (|)H3HKO-XHMHHeCKHX CBOHCTB nOHB. 
OnpeaejieHti KOJiHnecTBeHHbie noKa3aTejin noTeHunajibHon (Jjhtotok- 
CHHHOCTH MC^H H UHHKa: BCXOHCeCTb, 3HeprHH, UPy^KHOCTb h npouoji- 
HCHTeJIBHO CTB npOpaCTaHHB TeCT-paCTeHHB. IIOKa3aHO, HTO COBMeCT- 
Hoe B03ueHCTBHe MeuH h UHHKa npoHBjiaeTca KaK b HHrn6HpOBaHHH 
TaK H CTHMyjIHpOBaHHH pOCTOBBIX npOUeCCOB TeCT-paCTeHHH H onpe- 
uejiaeTca ypoBHeM h xapaKTepOM 3arpa3HeHHa, CBOHCTBaMH nouBbi h 
dHOJiorHuecKOH cneun^HKOH caMoro TecT-pacTeHHa. 

KjuoHeBbie cjiOBa: Mejjb, uhhk, rajibBaHomjiaM, nouBa, TecT- 
pacTeHne 

YnaCTHHK KOH(J)epeHUHH, 

HaunoHajibHoro nepBeHCTBa no HaynHOH aHannTHKe 


http://dx.doi.org/! 0. 1 8007/gisap:pmc.v0i8. 1554 


O txoubi npeunpHUTHH rajiBBaHH- 
HeCKHX npOH 3 BOUCTB, TaK Ha 3 BI- 
BaeMBie rajiBBaHomuaMBi (rill), co- 
uep 5 Kaiuue tjdkcjibic MeTajuiBi (TM), 
npeucTaBjiaiOT cepBe 3 Hyio yrp 03 y OKpy- 
jKatoiueii npupouHoii cpeue (OnC) h 
3 uopOBBio ueuoBeKa, hbjhhicb hctohhh- 
kom duoTHuecKoro, MexaHHuecKoro, xh- 
MuuecKoro h hhbix bh/job 3 arpa 3 HeHua 
[1, 2]. Murpauna xhmhhcckhx 3 Jie- 
MeHTOB, couep 5 KaiuHxca b CKjiaunpo- 
BaHHBix TUI, npoucxouHT b pe 3 yuBTaTe 
$H 3 HKO-xHMuuecKHx npoueccoB nou 
B 03 UeilCTBHeM KJIHMaTHHeCKHX H norou- 
HBIX (jfaKTOpOB. npH 3 TOM 3 arp 5 t 3 HeHHU 
MoryT pacnpocTpaHaTBca c hh(J)hjib- 
TpauueH aTM 0 C(|)epHBix ocauKOB uepe 3 
cjioh OTxoua b nouBy npHMBiKatomux 
yuacTKOB. npu oueHKe skotokchkojio- 
THHeCKHX 3 (J)(J)eKTOB npOMBIHIJieHHBIX 
OTXOUOB HeodxOUHMO H 3 yuaTB HX KOM- 
njieKCHoe TexHoreHHoe B 03 ueiicTBHe: c 
OUHOH CTOpOHBI, HCOdxOUHMBI CBCUCHHH 

o npoueccax MnrpauHH cocuhhchhh H 3 

OTXOUOB B nOUBBI, C UpyTOH CTOpOHBI, 
Ba5KHO HCCJieUOBaTB BJIHUHHC 3arp5I3HH- 
TeueH, npOHHKaioiuHx BrjiydB nouBBi, Ha 
o 6 bcktbi One [3-6]. 

U,ejiB HccjieuoBaHHH - onpeuejiHTB 
OCOdeHHOCTH MHTpaUHH MCflH H UHHKa B 
nouBax npH 3arpa3HeHHH rill h ycTaHO- 
BHTB HX BJIHUHHe Ha nOKa3aTCJIH aKTHB- 
hoto pocTa h pa3BHTHa TecT-pacTeHHH. 

OcodeHHOCTH MHTpaUHH TM H3 
Till b noney. B paMKax JiadopaTOpHBix 



Phc. 1. OKcnepHMeHTajibHaH Mouejib 

noHBeHHbix cjioeB 


3KCnepHMeHTOB UJIH H3yueHHU MHTpa- 
UHH B nOHBe 6BIJIH BBldpaHBI MeTaJIJIBI 
Cu H Zn, BBldop KOTOpBIX 6 biji odocHO- 
BaH HX HaHdOJIBHIHMH KOHUCHTpaUH- 
3MH B npOMBimjieHHBIX nil, a TaK5Ke 
BBICOKHM KJiaCCOM OnaCHOCTH [3]. J\jIK 
ycTaHOBjieHHa ocodeHHOCTeii MnrpauHH 
BBidpaHHBix MeTajuiOB Ha Mouejinx no- 
HBeHHBIX TOpH30HTOB HCnOJIB30BaJIH od- 
pa3UBI nOHB - UepHOBO-OnOU30JieHHOH 
CBH3HO-necuaHOH, jiyroBoii ajuiiOBHajiB- 


hoh cynecuaHoii, jiyroBO-uepH03eMHOH 
jierKO cyniHHHCTOH, uepH03eMa THnnu- 
hoto cpeuHecMBiToro Ta>KejiocyrjiHHH- 
ctoto. 

B KauecTBe 3arpa3HHTejieH b yc- 
jiobhux jiadopaTOpHoro 3KcnepHMeHTa 
HcnojiB30BajiH MOuejiBHBiii mjiaM, no- 
jiyueHHBiii nyTeM HeihpajiH3auHH cyjiB- 
(jiaTHoro MeuHO-UHHKOBoro pacTBOpa 
H3BeCTBIO. 

fljiu C03uaHHu b jiadopaTOpHBix ycuo- 
BHUX MOJteJIH nOUBeHHBIX CJIOeB HCnOJIB- 
30Bajin iuiacTHKOBBie TpydBi c unaMeTpOM 
35 CM H BBICOTOH 100 CM (pHC. 1). 

Bcero b JiadopaTOpHBix 3KcnepH- 
MeHTax Obuio 3aueiicTBOBaHO 4 nouBeH- 

HBIX KOJIOHKH C BBldpaHHBIMH RJ1Z HCCJie- 
UOBaHHa BHuaMH nouB. Odpa3UBi nouB 
3acBinajiH b TpydBi, HMHTHpya ropH30H- 
tbi nouB b ecTecTBeHHBix ycjiOBHax. Ha 
BepxHeii noBepxHOCTH Ka5Kuoii nouBeH- 



Phc. 2. Pa3MeipeHHe Till 
Ha noBepxHOCTH nccjieuyeMbix noHB 
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Ta6ji. 1. 

HaKomiemie noaBHHCHbix (|x>pM Mean h miHKa h H3MeHeHHe 
pH boahoh BbiTH»CKH b noHBCHHbix cjiohx nocjie 3arpH3HeHHH 


noKa-3aTejiB 

DiyOnHa cjioh nonBBi, cm 

0-5 

10-15 

20-25 

50-75 

100 

,3,epHOBO-onoa30JieHHaH CBH3HonecMaHaa 

PH 

4,40 

4,25 

4,15 

4,15 

4,45 

K(Cu) 

9,6 

1,9 

2,3 

2,2 

2,6 

K(Zn) 

77,8 

43,5 

38,8 

14,1 

2,3 

JlyroBan ajiJHOBHajibHaa cynecnaHan 

PH 

6,40 

6,10 

5,90 

6,20 

6,35 

K(Cu) 

13,5 

1,9 

0,9 

1,0 

1,0 

K(Zn) 

423,3 

259,1 

99,8 

9,3 

1,9 

JIyroBO-HepH03eMHaa jierKocyrjiHHHCTaa 

pH 

5,15 

5,45 

5,8 

6,0 

6,15 

K(Cu) 

33,9 

2,1 

1,9 

1,2 

2,0 

K(Zn) 

657,1 

187,3 

14,5 

1,7 

1,5 

HepH03eM THnHHHbiii cpe^HecMbiTbiii TH^cejiocyrjiHHHCTbiii 

PH 

7,65 

8,10 

8,10 

8,25 

8,30 

K(Cu) 

5,2 

0,8 

0,8 

0,7 

1,0 

K(Zn) 

73,5 

2,4 

0,5 

0,8 

0,6 


HOH KOJIOHKH nOMdliaJIH H3MeJIBHeHHBIH 
MO^eJItHblH CyjIB^aTHBIH Me^HO-I^HHKO- 
BBIH IHJiaM, KOTOpBIH b TeneHne 6 Me- 
CHIjeB npOMBIBaJIC^ ^HCTHJIJIHpOBaHHOH 
BO/JOH B pOKHMC, COOTBeTCTByiOmeMy 

ecTecTBeHHOMy yBjiameHnio (pnc. 2). 

,D,jni ycTaHOBjieHHH ocoOchhoctch 
MH ipau,HH Cu n Zn OT6npajin o6pa3i^Bi 
noHB b pa3HBix cjiohx: 0-5 cm, 10-15 cm, 
20-25 cm, 50-75 cm h 100 cm. 

H3yHeHH5i oco6eHHOCTeii mh- 
rpaijnn Me^H n ijHHKa n hx pacnpeflejie- 
hhh b noHBeHHBix cjio^x 6bijih paCCMO- 
TpeHBI K03(j)(|)HIJHeHTBI HaKOnjICHHH (K c ) 
ajieMeHTOB, noKa3BmaiomHe bo ckojibko 
pa3 yBejiHneHO co^ep)KaHHe ^aHHoro 
3jieMeHTa b 3arpH3HeHHOH nonBe no 
CpaBHCHHK) C He3arp^3HeHHOH. K03(j)- 
(J)Hi^neHT K c paccHHTaH no OTHomeHnio 
k co/jep)KaHHK) cooTBeTCTByioniero kom- 
noHeHTa b hcxo^hbix (Jxdhobbix o6pa3- 
ijax nonB [5] 


me C - co,aep5KaHHe 3jieMeHTa b no- 
HBe; C (J)oh - co^ep5KaHne b kohtpojibhom 
o6pa3ije (4 )oh) nonBBi. 

riojiyneHHBie 3KcnepHMeHTajiBHBie 
^aHHBie (Ta6ji. 1) nccjie^OBaHna oco6eH- 
HOCTen MHrpan,nn Me^n n n,HHKa H3 rill 
b paccMOTpeHHBix Tnnax nonB noKa3ajin, 
hto TexHoreHHaa Mnipaunn Mean n unHKa 
b cncTeMe «rill - nonBa» o6bhchhctch b 
nepByio onepe^B xhmhhcckhm cocTaBOM 
Till, KOTOpBin onpeAejiaeT xapaKTep B3a- 
HMOAenCTBHa H npOHHOCTB CBH3H 3JICMCH- 
TOB B TUI C MHHepaJIBHBIMH H OpraHHHC- 
CKHMH KOMnOHCHTaMH nOHB. 


3HannTejiBHoe yBejinneHne ccmep- 
5KaHna Me^n n n,HHKa HaOmo^aeTca 
no rayOnHe bo Bcex cjiohx nccjimy- 
eMBix nonB b ycjiOBHiix OKcnepn- 
MeHTa. MaKCHMajiBHBie HaKonjieHHH 
b BepxHeM cnoe (0-5 cm) (K c (Cu) = 
5,2-33,9 n K (Zn) = 73, 5-657, "l) 3Ha- 
HHTejiBHO npeBBiinaiOT aHajiornnHBie 
noKa3aTejin b hhjkhhx (50-100 cm) 
(K c (Cu)=l,0-2,6 n K(Zn)=0,6-2,3), 
hto CBH3aHO b nepByio onepe^B c Tex- 
HoreHHBiM nocTynjieHneM H3 nuiaMa. 
HO HHTeHCHBHOCTH MHTpaiJHH MC£H 
n n,HHKa H3 nuiaMa n TpaHC^opMai^nn 
B BepXHHH CJIOH UCCJlQJSyeMblQ nOHBBI 


M05KHO paCnOJIO)KHTB B p Hfl! HepH03CM 
THnHHHBIH CpeflHCCMBITBIH TH)KeJIO-Cy- 
rjIHHHCTBIH < AepHOBO OnO£30JICHHaH 
CB5i3HonecnaHan < jiyroBan ajunoBH- 
ajiBHan cynecnaHaa < jiyroBO-nepHO- 
3eMHaa jierKOcyrjiHHHCTaa. 

H3yneHne H3MeHeHHH khcjiotho- 
cth nonB nocjie 3arpH3HeHHH nx rill 
(Ta6ji. 2) noKa3ajio, hto bo Bcex cjiohx 
nccjie^yeMBix nonB othochtcjibho (jio- 
HOBBIX o6pa3IJOB npOHCXO^HT CHH5Ke- 
Hne ypOBHH pH b 1,1 -1,3 pa3a. YnpaB- 
JIHIOmHM (J)aKTOpOM BBimeJiaHHBaHHH 
Me^n n n,HHKa H3 rill HBjineTCH peaKipm 
cpe^Bi: b khcjioh n cjia6oKHCJion cpe^e 


Ta6ji. 2. 

noKa3aTejib npeBbimeimsi epeAHOCTH m e^H h miHKa b HCCJie^yeMbix noHBax nocjie 3arpa3HeHHH b cpaBHemm 

c hx UJIK b noHBax 


TM 

noKa3aTejiB npeBBiineHHH Bpe^HOCTH b cooTBeTCTByiomeM cnoe (cm) nonBBi 

0-5 

10-15 

20-25 

50-75 

100 

,I(epHOBO-onoa30JieHHaH CBH3HonecnaHaH 

Cu 

7,18 n^K 

1,36 n^K 

1,68 n^K 

1,68 n^K 

1,97 n^K 

Zn 

21,65 n^K 

12,1 n^K 

10,8 n^K 

3,93 n^K 

0,65 n^K 

JlyroBaa ajunoBHajibHaa cynecnaHaH 

Cu 

7,7 nflK 

1,1 n^K 

0,5 n^K 

0,6 n^K 

0,6 n^K 

Zn 

33,5 n^K 

23,35 n^K 

7,9 n^K 

0,74 n^K 

0,15 n^K 

JIyroBO-HepH03eMHa» jierKocyrjiHHHCTan 

Cu 

3,29 n^K 

1,84 n^K 

1,69 n^K 

1,09 n^K 

1,81 n^K 

Zn 

114,6 n^K 

32,65 n^K 

2,53 n^K 

0,3 n^K 

0,26 n^K 

HepH03eM THnHHHblH Cpe^HeCMblTblH THiKeJIOCyrjIHHHCTblH 

Cu 

36,57 n^K 

5,54 n^K 

5,75 n^K 

4,87 n^K 

7,08 n^K 

Zn 

229,3 n^K 

7,53 n^K 

1,59 n^K 

2,39 n^K 

1,73 n^K 
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Phc. 3. 3KcnepHMeHTajibHan moacjib 
AJ ia H3yneHHn ^htotokchhhocth Till 


TUI cnoco6eH co3^aBaTt HMnaKTHBie, 
y^apHtie TexHoreHHBie Harpy3KH Ha 
nOHBy. ^HHBMHKa H3MCHCHHII ypOBHa 
KHCJIOTHO CTH B HCCJICAyeMBIX nOHBaX 
c rjiy6HHOH o6ycjiOBjieHa BHyTpHnon- 
BeHHBIMH npoijeccaMH (XHMHHCCKHMH 
peaKH,H3MH, C0np0B05K^ai0mHMH BBI- 
mejiaHHBamie nuiaMa h TpaHC(j)opMa- 
h,hk) BenjecTB b noHBBi): pH b noBepx- 
hocthom cjioe (0-5 cm) Ha 0,2-0, 5 e^H- 

HHH,BI HH5Ke, HCM B nO^nOBepXHO CTHOM 

(10-15 cm). HanGojiBHiee HaKomie- 
Hne MeTajuiOB HaOjnoAaeTca b jiyro- 
B0-HepH03eMH0H CpeAHCCyTJIHHHCTOH 

(K (Cu)=34 H K (Zn)=657), r^e cpe^a 
noHBBi HMeeT HanOojiee hhtchchbhoc 
yMeHBHieHHe pH c 7,0 ao 5,0. Omene- 
ho, hto b HCCJie^yeMBix noHBax c noBBi- 
HieHHeM pH nO^BH^CHOCTB MeflH H H,HHKa 


CHH)KaeTC n: hoabhmoctb Cu b khcjibix 
noHBax BBime, neM b HeihpajiBHBix hjih 
hjcjiohhbix, a Zn HMeeT MaxcHMajiBHyio 
no^BH5KHOCTB b noHBax, peaKipra KOTO- 
pBix HeiiTpajiBHaa hjih npH6jiH}KaeTca 
k Hen. HaHMeHBHiaH MHipai^HOHHaa 
cnoco6HOCTB mcah h u,HHKa OTMeneHa 
B HepH03eMe THnHHHOM Cpe^HeCMBITOM 
T^5KejiocyrjiHHHCTOM, cjia6omejiOHHBie 
ycjiOBHn KOTOporo ycHjiHBaiOT nepexoA 
Cu h Zn b Heno^BH^cHoe cocTOUHHe h 
cnocoOcTByeT 3aKpenjieHHio hohbchhbi- 
MH HaCTHH,aMH HX COC^HHCHHH. 

3KOJIOTHHCCKOH H CaHHTapHO- 
THTHCHHHeCKOH OH,eHKH 3arpa3HeHHa 
HCCJie^yeMBix noHB mcabio h ahhkom 
nocjie 3arp^3HeHHa mcaho-ijhhko- 
BBIM HIJiaMOM 6 bijih nOJiyHCHBI CpaB- 
HHTeJIBHBie ^aHHBie O CO^ep5KaHHH 
MeflH h UHHKa b TecTHpyeMBix noHBax 
(C, mt/kt) c hx npe,aejiBHO AonycTH- 

MBIMH KOHH,eHTpaH,H^MH B nOHBaX 

(n£K n (Cu) = 3 mt/kt; n^K n (Zn) = 
= 23 mt/kt) (Ta6ji. 2). 

HccjieflyeMBie noHBBi nocjie 3a- 
rpH3HCHHII Me^HO-I^HHKOBBIM HIJiaMOM 

He 3aBHCHMO ot TjiyOnHBi cjioh xapaK- 
T ep H3y K)T CU HH3KHM ypOBHCM 3arpH3- 

hchhh no Cu: b AepHOBO-onoA30JieH- 
hoh CBH3HonecHaHoii 7,18-1,36 HRK; 

b jiyroBoii ajuiiOBHajiBHOH cyneenaHOH 
7, 7-0, 5 Ufft C; b jiyroBO-nepH03eMHOH 
jierKO eyrjiHHHCTOH 3,29-0,19 HJ\K; b 
nepH03eMe thhhhhom epe^HecMBiTOM 
T^ejioeyrjiHHHCTOM 36,57-4,87 HRK. 
no u,HHKy xapaKTep 3arpn3HeHH5i onpe- 



Phc. 4. 3aeHCHMOCTH TiiiHBi npopocTKOB Kpecc-cajiaTa (a) h OBca (6) 
(npOAOJIHCHTeJIbHOCTb BbipaipHBaHHH 30 CyT) OT CJIOH 3arpH3HeHHOH 
TM noHBbi: 1 - AepHOBO-onoA30JieHHaH CBH3HonecHaHaa, 2 - jiyroBaa 
ajunoBHajibHaa cynecnaHaa, 3 - jiyroBO-aepH03eMHaa jierKocyrjiHHHCTaa, 
4 - nepH03eM TMiHHHbiii cpe^HecMbiTbiH TaacejiocyrjiHHHCTbiil 
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AejiaeTca TnnoM noHBBi h b t5dkcjibix 
ryMyecHpOBaHHBix noHBax CTeneHB 3a- 
rpa3HeHHn e yBejiHneHHeM niyOHHBi Me- 
HaeTca ot oneHB bbicokoto (b nepH03eMe 
THnHHHOM epe^HecMBiTOM TiDKejiocy- 
tjihhhctom 229,3 HJ\K) b BepxHeM cjioe, 
HcnBiTBiBaiomero TexHoreHHyio Harpy3- 
Ky, AO AOnyCTHMOTO ypOBHH B HH5KHHX 
(b jiyr0B0-HepH03eMH0H jierKoeyrjiHHH- 

ctoh 0,26 n^K). 

OnpeAejieHHe CTeneHH tokchhhocth 
o6pa3AOB noHB npOBOAUJin no mctoah- 
Ke OnoTecTHpOBaHHa [7], npeACTaBjia- 
K>meH co6oh HcejieAOBaHHe peaKijHH 
TecT-o6i»eKTOB Ha achctbhc 3arpa3Ha- 
ioiahx BemecTB h no3BOJHiioiAeH nojiy- 
hhtb HHTerpajiBHyio ou,eHKy CTeneHH 
HX (jlHTOTOKCHHHOCTH. B KaHeCTBe TCCT- 
oOueKTOB Hcnojn>30BajiH eeMeHa Kpeee- 
eajiaTa h OBca, a b KanecTBe noKa3aTejia 
TOKCHHHOCTH - BCX05KCCTB, 3HepTHK>, 

Apy^KHOCTb h npoAOJDKHTejibHOCTb npo- 
paCTaHHa CeM^H B pa3HBIX CJIOUX nOHB 
3arpa3HeHHBix TUI. J\im H3yneHHa (J)h- 
TOTOKCHHHO CTH MCAHO-AHHKOBOTO TUI 
6biji 3ajio)KeH jiaOopaTopHBiii moacjib- 
hbih onBiT (pnc. 3): B03AyniHO-cyxyio 
Maccy HCCJieAyeMBix cjiocb noHB bhoch- 
JIH B njiaCTHKOBBie COCyABI BBICOTOH 15 
cm h AnaMeTpoM 9 cm, KyAa noMemajin 
15 ceM^H, npeABapHTejiBHO 3aMoneH- 
hbix b BOAe b TeneHHe cyTOK, Ha rayOnHy 
1 cm. B npoijecce npopaiAHBaHHn ccmiih 
noAAep5KHBajiH nocToaHHyio TeMnepa- 
Typy +20 °C. 

npOBeAeHHBIH CpaBHHTeJIBHBIH 
MOp({)OJIOrHHeCKHH aHaJIH3 n03BOJIHJI 
yCTaHOBHTB HaJIHHHe 3aBHCHMOCTH 
MOKAy AKTHBHO CTBK) pOCTa H pa3BHTHH 
TecT-pacTeHHH (pnc. 4) h coAcp^caHHeM 
TM b noHBe, npeBBimaioiAHx hx TIJ^K 
(Ta6ji. 2). AHajiH3 npopocTKOB ocymecT- 
bjhijih Ha 30 cyTKH nocjie BBipaiAHBaHHa. 
BejiHHHHy noKa3aTejia kohtpojibhbix 
(L (] ) H OnBITHBIX (L qu ) CeMHH BBIHHCJI5IJIH 
KaK cpeAHee apn^MeTHHecKoe (L c J m 
COBOKynHOCTH AaHHBIX o AJiHHe HaA3eM- 
HOH HaCTH HJIH KOpHCH npOpOCTKOB [6] 


L 


cp 


EA 

5 

n 


( 2 ) 


TAe L. - AJiHHa MaKCHMajiBHoii HaA- 
3CMHOH HaCTH HJIH KOpHa KA^AOTO npO- 
pocTKa, cm; ^ - cyMMa; n - o6mee ko- 
JIHHeCTBO npopocTKOB, B33TBIX B OnBIT. 

H3MeHeHHH A-JIHHBI KOpHeBOH H 
HaA3eMHoii nacTeii TecT-pacTeHHH 
(pHC. 4) B 3aBHCHMOCTH OT npCBBIHICHHH 
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Phc. 5. 3aeHCHM0CTb 3HeprHH npopacTaHHH ccmhh cajiaTa (a) h oeca 
(6) ot cjioh 3arpa3HeHHoii TM noHBbi: 1 - /jepHOBO-ono/j30JieHHaH 
CBH3HonecnaHaH, 2 - jiyroBan ajunoBiiajibiiaH cynecnaHaH, 3 - jiyroBO- 
nepH03eMHaa jierKocyrjiHHHCTan, 4 - nepH03eM THnHMHbiii cpe/jHecMbiTbiii 
THHCeJIOCyTJIHHHCTblH 
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noKa3aTejui Bpe/jHOCTH (II/pC) MeTaji- 
jiOB-TOKCHKaHTOB b noHBax (KpOMC flep- 
H0B0-0n0/J30JICHH0H CBa3HOneCHaHOH 
Rim Kpecc-canaTa) yKa3BiBaiOT Ha OTcyr- 
CTBHe He6jiaronpHaTHoro (J/htotokchhc- 
CKoro bo3/jchctbhh: cpe/jHHH /jjiHHa Ha/j- 
3CMHOH HaCTH H KOpHCBOH CHCTCMBI (L q J 
cpaBHHMa, a b HeKOTOpBix cjiohx /ja)Ke 
npeBbimaeT aHajiorHHHBie noKa3arejiH b 
KOHTpojiBHOM o6pa3ije (L 0 ). 

Otmchcho, hto pocT h pa3BHTHe 
TecT-pacTeHHH He tojibko hmciot cy- 
meCTBeHHyiO 3aBHCHMOCTB OT THna 
3arpa3HeHHOH noHBBi, ho h onpe/jejni- 
lOTCH (j)H3HOJIOTHCH CaMHX paCTeHHH. 
Tax Rim noHBBi /jepHOBO-ono/j30JieHHOH 
CBa3HonecHaHOH xapaxTepHO /jocTOBep- 
Hoe HHTH6HpoBaHHe pa3BHTHa cajiaTa 
(pHC. 4, a), me ceMeHa b30hijih tojibko 
B HH5KHHX CJIOHX TCCTHpyeMOH nOHBBI 

(20-25, 50-75, 100 cm), a Ha 20 cyTKH 
nornOjiH Bee poctkh. OBca 5 kg Ha - 
Ojiio^aeTca /jocTOBepHaa tch/jchijhh 
CTHMyjIfllJHH pOCTa B aHaJIOTHHHBIX 
yCJIOBHaX 3TOH nOHBBI (pHC.4, 6), a B 
HHmieM cjioe (100 cm) /ja)Ke OTMe- 
neHO npeBBimeHHe /jjihhbi poctkob b 
1,2 pa3a h KopHeBoii chctcmbi b 3,3 pa3a 
no cpaBHeHHio c kohtpojibhbimh o6- 
pa3i^aMH. 3to mo)kho o6bhchhtb tcm, 
hto Kpecc-cajiaT 6ojiee nyBCTBHTejieH k 
npHcyTCTBHio hohob TM b noHBax, neM 
OBec, h HHrnOHpyiomee /jencTBHe 3thx 
hohob Ha Kpecc-cajiaT He CHH^caeTca 
co BpeMeHeM, ok y OBca. B pe3yjn>Tare 
3toto, 3a cneT hctohjchhh co6ctbchhbix 
pecypcoB Ha^eraocTH, pacTeHHH cajiaTa 
CTaHOBUTca ocjiaOjieHHBiMH h nornOaiOT. 

Cpe/jH noKa3arejieH npopacTaHHH ce- 
M5IH B yCJIOBHtfX MO/JCJIBHOK) 3arp5I3HeHH5I 
nOHB TM HaH6oJiee HH(j)OpMaTHBHBIMH 
OKa3ajiHCB pocTOBBie noKa3aTejiH [6] - 
BCxo)KecTB, 3Hepma, /jpyKHOCTB h npo- 
flOJi5KHTejn>HOCTB npopacTaHira (pnc. 5-8). 

IIo/J BCX05KeCTBK) nOHHMaJIH HHCJIO CCM5IH, 
npopocniHx 3a 7 cyroK, BBipa^ceHHoe b 
npoijenrax ot o6mero KOJinnecTBa ccmhh, 
b35itbix /jjih npopamHBaHHa, no /j OHepraeii 
npopacTaHHa - kojihhcctbo ccmhh, npo- 
pociHHx 3a nepBBie 3 cyrox npopaiijHBa- 
hhh b npoijeHTax ot o6mero KOJinnecTBa 
CCMHH, B3HTBIX /jjih npopaiijHBaHHH. /J JIH 
6oJiee TOHHOH XapaKTepHCTHKH CKOpOCTH 
npopacTaHHa npOBO/jHjiH okc/jhcbhbih 
yneT npopocuinx ccmsh h paccnHTBiBajiH 
/JpyKHOCTB H npO^OJHKHTeJIBHOCTB npO- 
pacTaHHa. IIpH 3 tom /jpyKHOCTB npopac- 
TaHHa onpe/jejinjiH no (jjopMyjie 
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n 

fl = - (3) 

A 

me - £py)KHOCTB npopacTaHHa 
(cpe^HHH npoi^eHT ccmhh, npopocninx 
3a 1-e cyTKH npopacTaHHH), %; II - noji- 
Haa BCX05KecTB, %; A - hhcjio /jhch npo- 
pacTaHHa. 

IIpo^oji^cHTejiBHOCTB npopacTaHHH 
- no (JjopMyjie 

c _ (a-l) + (ft-2) + (rf-3) + ... 

(^7 + b + d + ...) 

me C - npo^ojoKHTejiBHOCTB npo- 
pacTaHHH (cpe/jHHH npo^oji^cHTejiB- 
hoctb npopacTamni oahoto eeMeHn), 
cyTKH; a - hhcjio ceMHH, npopocninx 3a 
1-e cyTKH; b - hhcjio ccmhh, npopocninx 
3a 2-e cyTKH; d - hhcjio ceMHH, npopoc- 
hihx 3a 3-h cyTKH h t.#. 

AHajiH3 noKa3aTejieii npopacTa- 
HHa ceMHH b ycjiOBHax MO^ejiBHoro 3a- 
rpa3HeHHa noHB TM noKa3aji, hto /jo 
7 CyTOK CTHMyjIHpyiOHJHH 3({)(j)eKT Me/JH 
h ijHHKa Ha pocT Hccjie/jyeMBix tcct- 
pacTeHHH bo Bcex BapnaHTax 3Kcnepn- 
MeHTa b cpe/jHeM npoaBHjicn cnjiBHee, 
a TOKCHHHoe /jeiiCTBHe - cjiadee. IIpH 



cjioh iarpji3HCHHon TM iiohbm, cm 
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yBejiHHeHHH cpoxa pocTa /jo 30 cyTOK 
xapaKTep pa3BHTHa pacTeHHH MeHaeT- 
c a. ^jw Kpecc-cajiaTa b 3tom nepno/je 
BpeMeHH b cpe/jHeM /jocTOBepHO npoaB- 
jineTCn ymeTaiomHH 3$$eKT /jchctbhh 
M eTajuiOB. ^jw pacTeHHH OBca 3 to bo 3- 
/jeiiCTBHe b ochobhom npoaBjiaeTca b 
CTHM yjIHpOBaHHH pOCTa. TaKHe H3Me- 
HeHHH B pa3BHTHH paCTCHHH B XO/je BBI- 
pailJHBaHHa, B03MO}KHO, oOBaCHHIOTCa 
He TOJIBKO THnOM 3aTpa3HCHHBIX nOHB 
H (J)H3HOJIOrHeH CaMHX pacTeHHH, HO H 
BjiHUHHeM TM Ha Hccjie/jyeMBie tcct- 
odBeKTBI. T.K. H3BCCTHO, hto Zn H Cu 
othocotc^ k rpynne MeTajuiOB cpe/jHeii 
CTeneHH norjiomeHHa pacTeHH^MH [4], 
to Ha HanajiBHBix cpOKax pa3BHTHa ce- 
MeHa TeCT-KyjIBTyp HMeJIH /JOCTaTOHHBIH 
noTeHijHaji nHTaTejiBHBix BenjecTB /jjih 
no/jaBjieHHa HeraTHBHoro BjinaHHa TM. 
O/jHaKO Ha 6ojiee no3/jHHx cpoxax pa3- 
bhthii yraeTaiomee /jeiiCTBHe MeTajuiOB- 
TOKCHKaHTOB yCHJIHBaeTCH. 

^HarpaMMBi aHajiH3a 3HeprHH npo- 
pacTaHHH (pnc. 5) /jjih ceMHH Hccjie- 
/jyeMBix TecT-pacTeHHH noKa3BiBaiOT 
/JOCTaTOHHO BBICOKHe nOKa3aTCJIH BO 
Bcex cjioax 3arpa3HeHHBix TM noHB. B 
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Phc. 6. 3aeHCHMOCTb ecxo»cecTH upopac i aima ccmhh cajiaTa (a) h 
oeca (6) ot cjioh 3arpH3HeHHoii TM nonebi: 1 - /jepHOBO-ono/j30JieHHaH 
CBH3HonecnaHaH, 2 - jiyroBan ajunoBnajibHan cynecnaHaH, 3 - jiyroBO- 
HepH03eMHan jierKocyrjiHHHCTan, 4 - nepH03eM THnHMHbiii cpe/jHecMbiTbiii 
THHCeJIOCyrjIHHHCTblH 
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Phc. 7. 3aBHCHM0CTb apy»CHOCTH npopacTaHHH ccmhh cajiaTa (a) h 
oeca (6) ot cjioh noHBbi, 3arpH3HeHHoii TM: 1 - aepHOBO-onoA30JieimaH 
CBH3HonecnaHaH, 2 - jiyroBan ajuiiOBiiajibiiaa cynecnaHan, 3 - jiyroBO- 
HepH03eMHan jierKocyrjiHHHCTan, 4 - nepH03eM THiiHHHbiH cpeaHecMbiTbiii 
THHCeJlOCyrjlHHHCTblH 


CpaBHeHHH C KOHTpOJIBHBIMH o6pa3Ija- 
mh, npeBBimeHHe noKa3arejiH 3Heprmi 
npopacTaHHH #jih ceMHH OBca (pne. 5, 6) 
OTMeneHO npaKTHHecKH bo Bcex tccth- 
pyeMBix noHBax (xpOMe jiyroBO-nepHO- 
3eMHOH jierKOcyrjiHHHCTOH). ,3 ,jih Kpecc- 
cajiaTa aHajiorHHHoe npeBBimeHHe 
(pHC. 5, a) OTMeneHO b hhhchhx cjiohx 
jiyroBon ajuiiOBHajiBHOH cynecnaHOH h 
nepH03eMa THnnHHoro cpe^HecMBiToro 
THHcejio cy rjiHHHCToro , me KpaTHOCTB 
npeBBimeHHH, COOTBeTCTBeHHO, COCTaB- 

jihct 1,3-3, 4 h 1,4-1, 8. 

Cjie^yeT otmcthtb, hto OHeprmi 
npopacTaHHH y ceMHH OBca 3HanHTejiBHO 
BBime, neM y ceMHH Kpecc-cajiaTa. Tax 
B AepHOBO-OnOA30JieHHOH CBH3HOneC- 
naHOH KpaTHOCTB Taxoro npeBBimeHHH 
cocTaBjineT 9-23, b JiyroBon ajniiOBHajiB- 
hoh cynecnaHOH - 4-6, b jiyroBO-nepHO- 
3eMHOH JierKOcyrjiHHHCTOH h nepH03eMe 
THnHHHOM epe^HeCMBITOM THHcejioey- 
EJIHHHCTOM - 2. 3t0 MOHCeT 6bitb cbh- 
3aHO c 6ojiee ^jihtcjibhbim nepno^OM 
npopacTaHHH ccmhh Kpecc-cajiara no 
epaBHeHHK) e eeMeHaMH OBca. 

IIOKa3aTeJIB BCXOHCeCTH ceMHH (pne. 
6) npaKTHnecKH bo Bcex BapnaHTax Te- 



a 


CTHpyeMBIX nOHB TaKHCe £OCTaTOHHO BBI- 
cokhh ^jih o6enx TecT-pacTemiH. 

OTMeneHO Hajimme 3aMeTHOH 3a- 
BHCHMOCTH MCHC^y CO/jepHCaHHCM TM 
b noHBe, npeBBimaiomHx II^K, aKTHB- 
HOCTBK) pOCTa H pa3BHTHCM, 3HepTH- 
ei! npopacTaHHH h bcxohccctbio ccmhh 
TecT-pacTeHHH. Tax, npn yMeHBmeHHH 
noxa3aTejiH npeBBimeHHH TM b cjiohx 
Te CTHpyeMBix nonB (Ta6ji. 1) npOHBjineT- 
CH CTHMyjIHpOBaHHe Ha#3eMHOH H xop- 
HeBOH CHCTeM npOpOCTKOB (pHC. 4) HC- 
cjie^OBaHHBix TecT-xyjiBTyp npn noBBi- 
meHHH HX 3HepTHH npopacTaHHH (pne. 
5) h BCxoxecTH (pne. 6). T.e., yMeHBine- 
HHe KOHH,eHTpaiI,HH MeTaJIJIOB npHBOAHT 
X CHHHCeHHIO TOKCHHeCKOTO flCHCTBHH 
MeTajuiOB Ha TecT-pacTeHHH. 3to oco- 
6eHHO 3aMeTHO B HH5KHHX CJIOHX nOHB 

(20-25, 50-75, 100 cm), me co^epHcamie 
TM CHH5xaeTCH, a bcxohccctb yBejimm- 
BaeTCH B CpaBHeHHH C KOHTpOJIBHBIMH 
o6pa3i^aMH (xpoMe AepHOBO-ono£30JieH- 
hoh fljiH Kpecc-cajiaTa). TaxHM o6pa30M 

M 05 KHO OTMeTHTB, HTO TeCTHpyeMBie 
nOHBBI He HBJIHIOTCH (JlHTOTOKCHHHBIMH, 
a onpmejieHHoe npeBBimeHHe b hhx no- 
xa3aTejiH Bpe/jHOCTH n^K Me^H h ijhh- 
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xa b HexoTOpoii CTeneHH enoeoOcTByeT 
CTHMyjIHpOBaHHIO npOIjeCCOB pOCTa H 
pa3BHTHH HCCJieAyeMBIX paCTeHHH. 

B nepHO^ HaOjiiOAeHHH 3a poctom 
h pa3BHTHeM TecT-pacTeHHH npn BBipa- 
mHBaHHH Ha 3arpH3HeHHBix TM noHBax 
ycTaHOBjieHO, hto ^pymiocTB (pne. 7) 
h npo^ojiHCHTejiBHOCTB npopacTaHHH 
(pHC. 8) ceMHH 3THX paCTCHHH HMdOT 
HH3KHe noxa3aTejm. 

fl,jiH ceMHH OBca noxa3aTejiB ji pync- 
HOCTH npopacTaHHH (pHC. 7, 6) B CpaB- 
HeHHH C KOHTpOJIBHBIMH 06pa3IjaMH 
HMeeT flOCTOBepHO BBICOKHe 3HaneHHH 

npaxTHHeexH bo Bcex noHBax, xpoMe Jiy- 
TOBO-HepH03eMHOH JierKOCyTJIHHHCTOH 
noHBBi. A £jih ceMHH Kpecc-cajiaTa (pne. 

7, a), HaoOopOT, ^ocTOBepHoe npeBBi- 
meHHe b 2-4 pa3a Ha6jiio^aeTCH tojibko 
b jiyr0B0-HepH03eMH0H JierKOcyrjiHHH- 
CTOH noHBe. 

Ilpo^ojDKHTejiBHOCTB npopacTa- 
hhh ^jih ceMHH xpecc-cajiaTa b 2-4 pa 3 a 
BBime b jiyroBBix h nepH 03 eMHBix no- 
HBax B CpaBHeHHH C KOHTpOJIBHBIMH 
o 6 pa 3 ijaMH. ^jih ceMHH OBca aHajiormi- 
Hoe npeBBimeHHe otmchcho b /jepHOBO- 
ono£ 30 JieHHoii cBH 3 HonecHaHoii b 2 pa 3 a 
h jiyr 0 B 0 -HepH 03 eMH 0 H JierKOcyrjiHHH- 
CTOH b 1,3 pa 3 a. 

OTMeneHHBie BBime pa3JiHHHH b 
pa3BHTHH H pOCTe HCCJIC^yeMBIX TeCT- 
paCTeHHH (pHC. 5-8), OHCBH£HO, 3aBHCHT 
ot $H3HOJioro-6HOXHMHHecKHx npoijee- 
cob, npOTeKaiomHx b cbmhx pacTeHHHx. 
OneBHflHO, hto 6ojiee bbicokhc noKa3a- 
TeJIH BCXOHCeCTH, 3HeprHH, ^pyHCHOCTH 
h npo^ojiHCHTejiBHOCTH np op acT BHHH y 
ceMHH OBca (pHC. 5-8, 6) B CpaBHeHHH e 
aHajiorHHHBiMH noKa3aTejiHMH y Kpeee- 
eajiaTa (pne. 5-8, a), o6bhchhiotch 6ojiee 
BBICOKOH c6aJiaHCHpOBaHHOCTBIO B HHX 
3anaeoB nHTaTejiBHBix BenjecTB h 6ojiee 
BBICOKHM ypOBHeM (J)HTOrOpMOHaJIBHBIX 
npoijeccoB. KpOMe Toro ycTaHOBjieHO, 
hto pacTeHHH OBca OKa3ajiHCB MeHee 
HyBCTBHTeJIBHBIMH K TOKCHHCCKOMy 
AeilCTBHIO Me^H H H,HHKa, HTO B03M05K- 

ho onpe^ejiHeTCH hx 6ojiee bbicokoh 
enoeoOHOCTBio nepeBO^HTB cocahhchkh 
TM B $H3HOJIOrHHeCKH HeaKTHBHOe eo- 
CTOHHHe. 

B xo^e npoBe^eHHH Hccjie/jOBaHHH 
ycTaHOBjieHa cbh3b Menc^y poctobbimh 
noKa3arejiHMH (BCxoncecTB, 3HeprHH, 
^pyHCHOCTB H npO£OJI5KHTeJIBHOCTB npo- 
pacTaHHH) (pne. 5-8) HcejieAyeMBix TecT- 
pacTeHHH h 3arpH3HeHHBiMH TM noHBa- 
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Phc. 8. 3aeHCHMOCTb npoAOJi»CHTejibHOCTH npopacTaHHH ccmhh cajiaTa (a) 
h oeca (6) ot cjioh 3arpH3HeHHOH TM noHBbi: 1 - AepHOBO-onoA30JieHHaH 
CBH3HonecnaHaH, 2 - jiyroBan ajunoBnajibHan cynecnaHan, 3 - jiyroBO- 
HepH03eMHan jierKocyrjiHHHCTan, 4 - nepH03eM TnnHHHbiH cpeaHecMbiTbiii 
THHCeJlOCyTJlHHHCTbl 
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MH (Ta6jl. 2). O^HaKO 3Ta 3aBHCHMOCTB 
npocjie5KHBaeTC5i tojibko b cjioux o^hoh 
OT^ ejiBHO b3otoh iiohbbi, h He Bcema 
HMeeT OAH03HaHHoe TpaKTOBaHHe j\jik 
pa3HBix THnoB noHB. Tax, HanpHMep, b 
BepXHHX CJIOUX (5, 10-15 cm) nOHBBI 
nepH03eMa thhhhhoto cpe^HecMBiToro 
TiDxejioeyniHHHCToro c bbicokhm ccmep- 
5xaHHeM Cu h Zn (Ta6ji. 2) noKa3aTejiH 
BCX05KecTH, 3HeprHH, #py}KHOCTH h npo- 
flOJHKHTejiBHOCTH npopacTaHHn (pHC. 

5-8) 3HaHHTejiBHO npeBBimaiOT aHajio- 
rHHHBie xapaKTepHCTHKH b ^pyrnx THnax 
noHB, r^e npeBBimeHHe Bpe^HOCTH TM 
HH5Ke. OOBilCHeHHe M05XCT 6BITB CBa3a- 
HO C (j)H3HKO-XHMHHeCKHMH CBOHCTBaMH 
CaMOH nOHBBI. rjIHHHCTBie HepH03eMHBie 
nOHBBI no CBOHM XapaKTepHCTHKaM OT- 
HOCHTCH K nOHBaM, KOTOpBie CO^ep5KaT 
6ojibhioh 3anac nHTaTenBHBix BemecTB h 

oOjia^aiOT BBICOKHMH aACOp6l^HOHHBIMH 
CBOHCTBaMH, Cn 0 C 06 HBIMH npOHHO CBH- 
3BIBaTB TH5KeJIBie MeTaJIJIBI H, COOTBeT- 
ctbchho, npe^oxpaHaTB ot 3arpn3HeHHn 
pacTHTejiBHyio npo^yxipno [5]. 

npoBe^eHHBiH cpaBHHTejiBHBin aHa- 
jih3 noKa3aTejieH npopacTaHHn, pocTa 
H pa3BHTH5I CCMHH TCCT-paCTCHHH CO 
3HaneHH5iMH npeBBimeHHfl HJ\K Me^n 
H H,HHKa BO Bcex TCCTHpyeMBIX nOHBaX 
noKa3an, hto name Bcero yMeHBHieHHe 
KOHH,eHTpaH,HH MCTaJIJIOB B CJIOUX Te- 
CTHpyeMBIX nOHB npHBOAHT K CHH5Ke- 
HHK) TOKCHHeCKOTO ^eHCTBHH MCTaJIJIOB. 
O^Haxo, He Bcer^a 3Ta 3aBHCHMOCTB 
o,aH03HaHHa. B HexoTopBix BapnaHTax 
onBiTOB, xax 6bijio otmchcho BBirne, no- 
BBimeHHe noxa3aTejHi Bpe^HOCTH Me^H h 
i^HHxa b noHBax npHBO^HT x yjiyHHieHHio 
pocTa pacTeHHH. Pacxo5x,aeHH5i pe3yjiB- 
TaTOB, B03M05XH0 , oObUCHUCTCH £ 030H 

3arpa3HeHHn nonB TM. FhBecTHO, hto 

B 3aBHCHMOCTH OT XOHIJCHTpaiJHH MC- 
Tajuia, BajieHTHOCTH ero HOHa, pacTBO- 
pHMOCTH H ^JIHTeJIBHO CTH B03ACHCTBHH, 
TM b MajiBix £ 03 ax cnocodcTByiOT po- 
CTy H pa3BHTHK> paCTCHHH (HBJIHHCB £JIH 
HHX Heo6xO,aHMBIM MHXp03JICMCHT0M), 
O^HaXO HX BBICOXHe XOHIjeHTpaiJHH cno- 
co6hbi no^aBjiOTB pocT pacTeHHH, Hapy- 
Hiaa HX 5XH3HCHHO Ba>XHBie (^yHXH,HH [8]. 

CjieAOBaTejiBHO, npoBe^eHHBie HaMH hc- 
cjie^OBaHHH no3BOJiaiOT npe^nojiO}XHTB, 
hto cpe^HHe 3HaneHHa noxa3aTejieH 
npeBBimeHHe Me/jH h ijHHxa b noHBax 
npHBO/JHT X 34)$eXTy CTHMyjiai^HH pOCTa 
ceMHH pacTeHHH 3 a chct yjiyHHieHHn pe- 
}XHMa nHTaHH^. 
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Tax }xe otmchcho, hto ^eiiCTBHe 
Me/jH h i^HHxa HMeeT pa3JiHHHyio Ha- 
npaBJieHHOCTB Ha aXTHBHOCTB pa3BHTH^ 
TecT-pacTeHHu. Flo flamiBiM sxcnepH- 
MeHTa, b npo6ax TecTHpyeMBix nonB, 
r^e nfl,K(Cu) npeBBimaeT imK(Zn) 
(Ta6ji. 2), Ha6jno,aaeTca CTHMyjummi 
pOCTa H pa3BHTH^ TC CT-paCTCHHH. Tax, 
0AH03HaHH0 BBicoxHe noxa3aTejiH npo- 
pacTaHH^ TecT-xyjiBTypBi otmchchbi b 
H epH03eMHBIX CyniHHHCTBIX noHBax, 
r^e xpaTHOCTB npeBBimeHHii nfl,K(Cu) 

Ha# nfl,K(Zn) cocTaBjineT 2-7. O^Haxo 
Taxan 3aBHCHMOCTB xapaxTepHa He rjik 
Bcex TecT-pacTeHHH h npocjioxHBaeTca 
He bo Bcex cjioux nonB. Heo,aH03HaH- 
HOCTB XOppeJiai^HH MOX^y CO^ep}XaHH- 
eM MeflH h ijHHxa b noHBe, npeBBima- 
lOHIHX HX im,K H aXTHBHO CTBK) pOCTa 
TeCT-paCTeHHH, B03M05XH0, CB33aHa B 
XOMnjieXCHOM ^eHCTBHH MeflH H I^HHXa. 
npH COBMeCTHOM B03#eHCTBHH 3THX 
jIByx MeTajuiOB b HeOjiaronpHUTHBix £jin 
pacTeHHH flcrnx MO)xeT npOHCxo^HTB 
xax ycHjieHHe, Tax h ocjiaOjieHne hx 
TOxcHnecxoro 3(J)(J)exTa. CHHeprHHecxoe 
AeiiCTBHe i^HHxa h mc^h onpe^ejmeTca 
pacnojioixeHHeM othx sjicmchtob b co- 
ce^HHx rpynnax nepHOAHHecxoii chctc- 
mbi. IIpHneM, xax yTBepJxjjaiOT aBTOpBi 
pa6oT [8], oco6eHHO bbicoxoh (Jmtox- 
chhhoctbk) oOjia^aeT Me^B, h, ycHjieHHe 
ToxcHnecxoro 34)$exTa Me^H, Ha6jno,aa- 
eTCH B npHCyTCTBHH I^HHXa. 
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INTERSTELLAR MEDIUM 
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The composition of interstellar clouds revealed the presence of 200 
different molecules and particles, most of which are organic in natur, 
being integral elements of oil. It is shown that the interstellar medium 
consists of interstellar gas, dust, interstellar magnetic fields, cosmic 
rays, and dark matter. Interstellar dust contains water ice, silicates, 
graphite, olivine, oxides and sulfides of metals. On the top it is covered 
by the shell of the frozen gas. Temperature of dust in the interstellar 
space is around 10-20 K. It is demonstrated that at low temperatures 
the organic substances are formed on the surface of dust particles 
many times faster than at the room temperature. It is discussed that the 
cause of acceleration at low temperatures for gas phase reactions is the 
quantum tunneling, while for solid-state reactions -mechanism such as 
a traveling wave phenomena. 

Keywords: organic matter, space, interstellar medium, interstellar 
dust, cryochemistry, reaction mechanism, tunneling effect, the traveling 
wave phenomenon. 
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OPTAHHHECXOE BETITECTBO 
B ME5K3BE3AH0H CPEflE 

Chmohrh r.C., KaH/c xhm. HayK, aoiicht 
E peBaHCKHH rocynapCTBeHHtiH yHHBepCHTeT EpeBaH, ApMeHHa 

B cocTaBe Me)K3Be3AHbix odaaxoB ycTaHOBjieHO Hajiunue 200 pa3- 
jihhhbix MOJieicyji h uacTHu, Oojibinaa aacTb KOTOpbix uMeeT opratm- 
uecKyio npupoay u aBaaeTca cocTaBHofi aacTbio HetjiTH. IIoKa3aHO, 
hto b cocTaB MOK3Be3^HOH cpeabi BxoaaT Me>K3Be3^iHbiu ra3, nblJIb, 
Me>K3Be3ztHbie MarHHTHbie noaa, KOCMuuecKue jiyuu, a Taxace TCMHaa 
Marepna. Me5K3Be3^Haa nbuib coaepacHT boa^hoh aea, cujiuKaTbi, 
rpacjiuT, ojihbhh, OKCH^bi u cyjib(|)HAbi MeTamiOB u noKpbiTa CBepxy 
oOojiohkoh H3 HaMep3mux ra30B. TeMnepaTypa nbuiu b Mea«Be3AHOM 
npocTpaHCTBe okojio 10-20 K. IIoKa3aHO, hto npu hh3khx TeMnepaiy- 
pax opraHHuecKue BemecTBa odpaiyiOTca Ha noBepxHOCTH nbuiHHKH 
b aecaTKH pa3 dbiCTpee, hcm npH KOMHaTHofi TeMnepaType. Odcyacaa- 
eTca, hto npHHHHofi ycxopeHua ckopocth npH hh3khx TeMnepaTypax 
AJia ra30(J)a3Hbix peaxiinn aBnaeTca KBaHTOBoe TyHHejiHpOBaHHe, a AJia 
TBcpzto(jta3Hbix peaKuuu -MexaHH3M Tuna hbjichhh Oeryiueu bojihbi. 

KjiioHeBbie cjioBa: opraHnnecicoe BemecTBO, kocmoc, Meac3Be3A- 
Haa cpeaa, Meac3Be3AHaa nbijib, KpnoxnMna, MexaHH3M peaKuuu, 3(ji- 
(JteKT TyHHejiupoBaHua, aBjiemie derymeii bojihbi. 

YnaCTHHK KOHCjjepeHUHH 


http://dx.doi.org/! 0. 1 8007/gisap:pmc.v0i8. 1 555 


M e2K3Be3^HaH cpeaa - BemecTBO 
h noaa , 3 anojiH^iomHe Meac 3 Be 3 A- 
Hoe npocTpaHCTBO BHyTpH ranaKTHK . B 
COCTaB Me)K 3 Be 3 AHOH Cpe^BI BXOAaT 
MOX 3 Be 3 AHbIH Ta 3 , UbIJIb (1 % OT MaCCBI 
ra 3 a), Meac 3 Be 3 AHbie MarHHTHbie noaa, 
KOCMHuecKHe nyuH, a Tax>xe TeMHaa 
Marepna . XHMHuecKHH cocTaB Meac 3 - 
bc 3 ahoh cpe^Bi — npoayxT nepBHHHO- 
ro HyKjieocHHTe 3 a h aaepHoro CHHTe 3 a 
B 3 Be 3 jaX . A B KOHIfe 5 XH 3 HH 3 BC 3 ABI C 
Hee cdpacbiBaeTca odojionxa, odora- 
maa Meac 3 Be 3 ^HyK) cpeay np oay kt aMH 
aaepHoro CHHTe 3 a. ripocTpaHCTBeHHoe 
pacnpe^ejieHHe Meac 3 Be 3 AHOH cpeati 
HeTpHBHajiBHO. IIomhmo odmeranaxTH- 
uecKHx CTpyKTyp, Taxnx xax nepeMbinxa 
( 6 ap) h cnHpajiBHBie pyxaBa ranaxTHx, 
ecTb h OT^eabHbie xoao^Hbie h Tennbie 
odnaxa, oxpyaceHHbie 6 oaee ropannM 
ra 30 M. OcHOBHaa ocodemiocTb Meac 3 - 
Be3#Hon cpeati - ee KpahHe HH 3 xaa 
naoTHOCTb - b cpe^HeM 1000 aTOMOB b 
xydnaecKOM caHTHMeTpe. 

XHMHHecKHH cocTaB BceneHHOH 
3 aBHCHT OT MHOTHX (jmXTOpOB, B TOM 
nncae n ot TeMnepaTypbi. IIo Mepe 
noBbimeHna TeMnepaTypbi cocTaB na- 

CTHif, cymecTByiomnx B aTMOC(J)epe 
3 Be 3 ^Bi, ynpomaeTca. Tax, cnexTpaab- 
Hbin aHaan 3 3 Be 3 A c TeMnepaTypon 
1 0000-5 0000°C noxa 3 biBaeT b hx aTMoe- 
(Jiepax anHHH HOHH 3 npOBaHHbix Boaopo- 
Aa n reana n hohbi MeTaaaoB. B aTMoe- 
(Jiepax 3BQ3JJ, c TeMnepaTypon 5000°C 
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odHapyacHBaiOTca yace paanxaabi, a 
b amocijiepax 3 Be 3 A c TeMnepaTypon 
3800°C - aaace Moaexyabi oxchaob. B 
cnexTpax caMbix ropannx 3 Be 3 A npeod- 
naaaiOT anHnn Boaopoaa n reana, ho no 
Mepe noHnaceHna TeMnepaTypbi noaBjia- 
lOTca anHnn apyrnx aneMenroB n aaace 
anHnn coe^HHeHnn. 3 to eme npocrae 
coe^HHeHna: oxchabi ifnpxoHna, THTaHa, 
a Tax)xe paanxaabi CH, OH, NH, CH 2 , 
C 2 , C 3 , CaH n ap- Hapy 5 XHbie caon 3 Be 3 A 
cocToaT raaBHbiM o 6 pa 30 M H 3 Boaopoaa. 
B cpe^HeM Ha 10 000 aTOMOB Boaopoaa 
npnxoAHTca oxoao 1000 aTOMOB reana, 
5 aTOMOB xncaopo^a n MeHee 1 aTOMa 
apyrnx aaeMeHTOB [ 1 ]. 

B npnpo^e caMaa HH 3 xaa TeMnepa- 
Typa 6 biaa 3 aperncTpnpOBaHa b TyMaH- 
hocth EyMepaHr. 3 Ta TyMaHHO ctb pac- 
mnpaeTca n BbidpacbiBaeT oxaa 5 x,aeH- 
Hbin ra 3 co cxopocTbio 500 000 xm/h. 
3a cneT orpOMHon cxopocTH Bbidpoca 
Moaexyabi ra 3 a oxaa^nancb ^o 2 K.^aa 

CpaBHeHHa. OOblHHO, B OTXpbITOM xoc- 

Moce TeMnepaTypa onycxaeTca ^o 0 K. 
CaMaa HH 3 xaa ecTecTBeHHaa TeMne- 
paTypa Ha 3eMae 183.7 K b AHTapxm- 
Ae [2]. A caMaa HH 3 xaa TeMnepaTypa b 
C onHeHHon cncTeMe, 38 K Ha noBepxHO- 
cth TpHTOHa (cnyranx HenTyHa). 

B 3 TOM o 630 pe OCHOBHOe BHHMaHHe 
yAeaeHO Ha o 6 pa 30 BaHne opraHHnecxnx 
BemecTB b ycaoBnax xocMoea. Hcxo^a 
H 3 3 Toro, ifeabio 3 toh CTaTbn aBaaeTca 
pa 3 bacHHTb, cxoabxo n xaxne xaaccbi 


opraHHHecxnx coeflHHeHHH HfleHTHijm- 
IfHpOBaHbl B XOCMOCe H OCOdeHHOCTH 
xhmhh e c xnx peaxifHH hx o6pa30BaHna b 
xocMHHecxnx ycaoBnax. 

Kocmoxhmhh - Hayxa o xnMnne- 
cxom cocTaBe xocMHHecxnx Tea, 3axoHax 
paenpocTpaHeHHOCTH n pacnpeAeaeHna 
xhmhh e c xnx aaeMeHTOB bo BceaeHHOH, 
npoifeccax coneTaHna n MnrpaifHH aTO- 
mob npn o6pa30BaHHH xocMHHecxoro 
BemecTBa. KocMOXHMna nccae^yeT npe- 
HMymecTBeHHO «xoao£Hbie» npoifeccbi 
Ha ypOBHe aTOMHO-MoaexyaapHbix B3a- 
HMO^encTBHH BemecTB, b to BpeMa xax 
«ropaHHMH» a^epHbiMH npoifeccaMH b 
xocMoee - naa3MeHHbiM cocToaHneM 
BemecTBa, HyxaeoreHe30M (npoifeccoM 
o6pa30BaHna xnMHHecxnx aaeMeHTOB) 
BHyTpH 3Be3A 3aHHMaeTCa (J)H3HXa. 

KpnoxHMHfl (ot ot rpeH. kryos xo- 
aoA n xHMna), H 3 ynaeT 3 axoHOMepHOCTH 
xhmhh e c xnx npeBpameHHH npn hh 3 xhx 
h CBepxHH 3 xnx TeMnepaTypax. B xpn- 
oxhmhh noA hh 3 xhmh noHHMaiOT TeM- 
nepaTypbi ot 223 ^0 77 K, noA CBepx- 
HH 3 XHMH - HH)xe 77 K (TeMnepaTypbi 
xnneHHa a 30 Ta). CoBpeMeHHaa xpno- 
xHMHa - eaMOCToaTeabHaa odaacTb hc- 
caeAOBaHHH, CBa3aHHaa c pa3aHHHbiMH 
pa 3 AeaaMH xhmhh, $h 3 hxh, OnoaornH, 
c pa 3 pa 6 oTxoii annaparypbi h odopyao- 
BaHHa aji^ npOBeAeHHa npoifeccoB npn 
xpnoreHHbix TeMnepaTypax. OcHOBHbie 
3 aaaHH xpHoxHMHn: BbiaBaeHHe ocodeH- 
HOCTen peaxifHH b ra 30 Bon, }xhaxoh h 
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Ta6ji. 1. 


OpraHHnecKHe MOJieKyjibi, odiiapy>KCimbic b Me5K3Be3AHOM npocTpaHCTBe (N hhcjio aTOMOB) 
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TBep^OH (j)a 3 ax, ycTaHOBjieHHe MexaHH 3 - 
mob HH 3 KOTeMnepaTypHtix npeBpame- 
HHH, HCCJieAOBaHHe aBJieHHH, OTJIHHa- 
lOIIIHX KpHOXHMHHeCKHe npoijeecBi OT 
peaxijHH npH o6bihhbix TeMnepaTypax, 
H 3 yHeHHe c[) H 3 HKO -XHMHHe ckhx cbohctb 
HeCTadHJIBHBIX C O e^HHeHHH H peaKI^HH 
aKTHBHBIX HaCTHU, [ 3 ]. 

OTKpBITHH MOJieKyjI B MOK3Be3£HOH 

epe^e npoHcxo^HjiH o^HOBpeMeHHO c 
pa3BHTHeM pa^HoacTpoHOMHH. Bnep- 

BBie 6BIJI OTKpBIT BO£OpO£, KOTOpBIH 

H 3 JiyHaeT Ha #Hana 30 He 21 cm. riepBoii 
MOJieKyjiOH, KOTopaa dbuia OTKpBiTa b 
KOCMOce no codcTBeHHOMy rojiyne- 
hhk), dbuia MOJieKyjia ra^pOKCH^a OH, 
KOTOpaa H 3 JiynaeT Ha jymHe bojihbi 
1 8 cm. OHa Gbuia OTKpBiTa b Hanajie 60 -x 
ro^OB. nepBBie MHoroaroMHBie MOJie- 
KyjiBi - MOJieKyjiBi bo^bi h aMMHaxa - 
C flJIHHaMH BOJIH nOp^^Ka 1 .35 CM OTKpBI- 

tbi b 1967 r. B 1970 ro^y Obuia OTKpBiTa 
nepBaa yniepojicojiepJKaiiiaa MOJieicyjia 
— MOJieKyjia CO, pa/jHOJiHHHn KOTOpon 
C £JIHHOH BOJIHBI 2,64 MM HaOjHO^aeTCH 
nOHTH BO Bcex o 6 jiaCTHX MC 5 K 3 BC 3 AHOH 
cpe^Bi. B 70 -e ro^Bi 6bijih BnepBBie ot- 
kpbitbi h 6 ojiee cjio)KHBie opraHHnecKHe 

coe^HHeHH^ - (jiopMajiB^erHfl, MeTaHOJi 

h Apyrne. B 1993 r. 6bijio o6Hapy)Ke- 
ho CBBime 80 MOJieKyji, HanGojiee th- 
^cejioii Obuia 13-th aroMHan MOJieKyjia 
HC n N. B cocTaBe mok3bc3ahbix o6jia- 
kob #o 2007 r. 6bijio o6Hapy)KeHO 6ojiee 
150 p a3 jihhhbix MOJieKyji h nacTHij, 
OojiBHian nacTB KOTOpBix HMeeT opraHH- 
necKyio npHpo^y (TaOjiHi^a 1). Cennac 
H3BCCTHBI CBBIHie 200 BeiljeCTB. CpeflH 
o6Hapy}KeHHBix b £H(j)(j)y3HBix oOjiaxax 
HMeiOTCn TaK)Ke (jiopMajiB^erH#, apOMa- 
THnecKHe yrjieBO^opo^Bi, (fiyjiJiepeHBi, 
yraepo^HBie ijenonKH, ajiMa3Bi h cjio)k- 
HBie apOMaTHnecKHe coeAHHeHHu. 06 - 
Hapy^ceHBi tsljokg i^naHHCTBrn Bo^opOA, 
(J)opMajiB^erH^, ijnaHaijeTHjieH, Mypa- 
BBHHaa KHCJIOTa. H3 HeOpraHHHCCKHX 
MOJieKyji H^eHijHpOBaHBi npocTBie Be- 
mecTBa - yniepo,a, H 2 , 0 2 h N 2 Okch^bi 


e^HHeHHa BO,aopo^a - LiH, H 2 0, HC1, 
HF, NH 3 ,HDO, HCN h H 2 S. Cojih - KC1, 
NaCl, NaCN [4]. 

YneHBie H3 HHCTHTyTa Maxca 
njiaHKa, KopHejiBCKoro yHHBepCHTeTa 
h KejiBHCKoro yHHBepCHTeTa, b ropa- 
neM h njiOTHOM oGjiaxe ra3a, h3bcctho- 
ro Kax «6ojiBHiaa MOJieKyjia Heimat», c 
noMomBio MeTpOBoro TejiecKona IRAM 
30 b HcnaHHH o6Hapy5KHjiH hobbic mo- 
jieKyjiBi, sthjicJj opMHaT (C 2 H 5 OCHO) h 
H- nponHji i^naHH^a (C 3 H y CN), KOTOpBie 
npe^CTaBjiaioT co6oh £Ba pa3JiHHHBix 
Kjiacca MOJieKyji - cjiojkhbic 3(jmpBi h 
ajiKHjiBHBie i^HaHH^Bi [5]. HeMei^KHe 
h aMepHKaHCKHe yneHBie npn noMO- 
hjh TejiecKona ALMA (Atacama Large 
Millimeter/ Submillimeter Array), pac- 
nojioiKeHHoro b Hhjih, o6Hapy5KHjin b 
ra3onBuieBOM oGjiaxe Orpejieij B2 opra- 
HHnecKHe BenjecTBa: CTpyKTypHBie H30- 
MepBi nponHjmHaHH^a [6]. 

B njiOTHOM ra 3 onBuieBOM oGjiaxe, 
pacnoji 05 KeHHOM no HanpaBjieHHio k 
3Be3^e Cemis 52 b eo3Be3£HH nepeeii 
yneHBiMH H 3 HcnaHCKoro HHCTHTyTa 
acTpo$H 3 HKH Ha KaHapax, Haii^eH aH- 
Tpai^eH, caMan cjimKHan opraHHKa, kot- 
^a-jin 6 o o 6 Hapy 5 KeHHan Ha npocTopax 
OTKpBiToro KOCMoea [ 7 ]. napy jieT Ha 3 a# 
3 Ta hk e KOMaH,aa b 3toh >k e o 6 jiacTH npo- 
CTpaHCTBa o 6 Hapy)KHjia h Apyryto MOJie- 
xyjiy - HacjiTajiHH [ 8 ]. 

npO(J)eCCOp CyHKBOK H flOKTOp 
Hoht U,aHr H 3 yHHBepCHTeTa TomcKoHra 
(KHTaii) noKa 3 ajin, hto bo BeejieHHOH, 
noMHMO MeTaHa h jjpyroH ojieMeHTap- 
hoh opraHHKH, cymecTByeT CMecB H 3 6o- 
jiee cjio5khbix ajiH^aTHnecKHx h apOMa- 
THnecKHx (pnjia 6 eH 30 Jia) coe^HHeHHH 
[9]. O^HaKO OTKpBITHe KOMaH^BI aCTpO- 
(J)H 3 HKOB CBH^eTeJIBCTByeT O TOM, HTO 
3th BemecTBa MoryT 6bitb CHHTe 3 HpOBa- 
hbi b KOCMoee 6 e 3 KaKoro-jiH 6 o ynacTH^ 
}khbbix opraHH 3 MOB [10]. CneKTpajiB- 
HBie XapaKTepHCTHKH 3 TOTO H 3 JiyneHH 5 I 
^ojiroe BpeMa ocTaBajincB HeobBacHeH- 


HBIMH. Ha npOTIDKeHHH AByX nOCJie^HHX 
fleCHTHJieTHH o 6 menpHHOTBIM 6bijio 
MHeHHe O TOM, HTO OHH COOTBCTCTByiOT 
npocTBiM MOJiexyjiaM nojim^HKjiHnecKHx 
apOMaTHnecKHx yraeBO^opo^OB. Ho 
Kbok h U,aHr, npoaHajiH 3 HpOBaB eneKTp 
H 3 JiyneHH 5 i, nenycKaeMoro 3 Be 3 AHOH 
nBijiBio, o 6 pa 3 yiomHHC 5 i b pe 3 yjiBTaTe 
B 3 pBiBa hobbix 3 Be 3 ^ V 2362 Jle 6 e^a h 
V 2361 Jle 6 e^ noejie 251 h 446 ^Heii 

COOTBeTCTBeHHO, yCTaHOBHJIH, HTO 
cjio^Han opraHHKa o6pa3yeTca 3a oneHB 
KOpOTKHH no rajiaKTHnecKHM MepKaM 
nepno^ BpeMeHH, HCHHCJimomHiica He- 
^eJHIMH. TeOpeTHHeCKH 3TOT CHHTe3 
HeB03MO)KHO O Cyme CTBHTB B yCJIOBHUX, 
6 jih3khx k BaKyyMy, ho TeM He MeHee oh 

npOHCXO^HT B 0K0JI03Be3£H0H H Me)K3- 
Be3AHOH TyMaHHOCTHX. 

Tpynna acTpOHOMOB bo raaBe e 
5Ihom KaMH b njiaHeTapHoii TyMaHHO cth 
Te 1 BnepBBie H^eHTH(J)Hi;HpOBajiH (jjyji- 
jiepeHBi, a hmchho yraepo^HBie MOJieKy- 
JIBI C 60 H C 70 [ 1 1 ] . AeTpOHOMBI ALMA BO 
raaBe e KapHHOM 36 eproM Ha 6 jno£aJiH B 
ey 6 MHjuiHMeTpoBOM ^Hana 30 He OKpecT- 
HOCTH 3Be3£BI MWC 480 B C 03 Be 3 £HH 
TejiBi^a. noKa 3 aHO, hto npOTonjiaHeT- 
HBIH ^HCK MWC 480 COAep 5 KHT 60 JIB- 
moe KOJinnecTBO HHTpHjia yKcycHOH 
KHCJIOTBI [ 12 ]. 

KaK 6bijio CKa 3 aHO b Hanajie, Me>K 3 - 
Be 3 AHaa epe^a BecBMa pa 3 piDKeHHaa 
h ^ocTaTOHHO Heo^Hopo^Haa epe^a. 
HMeiOTca KaK chjibho pa 3 Jio)KeHHBie h 
ropunne o 6 jiacTH, TaK 5 Ke 3 HanHTejiB- 
HO njIOTHBie H XOJIO^HBie o 6 jiaCTH - ^o 
10 K. CobCTBeHHO B Me5K3Be3£HOH 
epe^e, ^a>Ke b Han 6 ojiee njioTHBix ee 
ynacTKax, 3 JieMeHTBi Haxo^TCn b ycjio- 
bh ax, jiajieKHx ot TepMO^HHaMHuecKoro 
paBHOBecHH. B enjiy hh3koh KOHi^eHTpa- 
h|hh BemecTBa xHMHnecKHe peaKi^HH b 
Me)K 3 Be 3 AHOM npocTpaHCTBe KpaiiHe 
MaJIOBepOOTHBI. n 03 TOMy 6 BIJIO BBICKa- 
3 aHO npeAnoji 05 KeHHe, hto b nocTpoe- 

HHH Me)K 3 Be 3 AHBIX MOJieKyji npHHHMaiOT 
ynacTHe nacTHijBi KOCMHuecKOH nBuin. 
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TeMnepaTypa iibijih b Me5K3Be3£HOM 
npocTpaHCTBe okojio 10-20 K. Mok- 
3 Be 3 AHaa m>uiB co^ep)KHT bo/jhhoh Jiefl, 
CHJIHKaTBI, rpa({)HT H, BepO^THO, OJIHBHH, 
OKCH^BI H CyjIB(j)H£BI MeTaJIJIOB (MgO, 
CaO, FeO, FeS 2 ), noKpBiTBie CBepxy 
o6ojiohkoh H3 HaMep3niHx ra30B [1, 13]. 
Pa3MepBi rpaHyji mo)kho onpeflejiHTB 
H3 hx pacceHBaiomHx cbohctb; o6bih- 
ho ohh MeHBine 1 mkm. CaMoe cnjiBHoe 
pacceHBaHHe o6ycjiOBjieHO rpaHyjiaMH 
0.3 MKM, HO B nBIJIH £OJI5KHBI npHCyT- 
CTBOBaTB TaK5Ke HaCTHI^BI 60 Jiee MaJIBIX 

pa3MepOB.Me5K3Be3AHBiii jiea co^ep- 
5 kht BO^a, himoji ra3, ynieKHCJiBiH ra3, 
MeTaHOJi, aMMHax, MeTaH. rpaHyjiBi 
nBuiH o6pa3yiOTca b amocijiepax 3Be3# 
no3AHHx cneKTpajiBHBix KjiaccoB. Ta3 
KOH^eHCHpyeTCn b rpaHyjiBi tbkhm hkq 
o6pa30M, Kax Bo^a b amoccjjepe 3eM- 
JIH M05KeT KOH^eHCHpOBaTBCa b CHer H 
jiefl. 3aTeM rpaHyjiBi BBiOpacBiBaiOTCn b 
M e)K3Be3AHoe npocTpaHCTBO ^aBjieroieM 
H3JiyneHHa. rpaHyjiBi MoryT o6pa30BBi- 
BaTBCa TaK5Ke npH p05K£eHHH 3BC3£BI H, 
B03M05KH0, HenOCpe^CTBCHHO H3 aTOMOB 
h MOJieKyji b Me>K3Be3AHBix oOjiaxax. 
BnepBBie Ha6jno£eHH5i Me)K3Be3AHoro 
jiB^a 6bijih npoBe^eHBi b 1973 ro^y b 06 - 
jiacra MaccHBHoro 3Be3,aoo6pa30BaHHa 
Orion BN/KL [14]. 

IIpH CTOJIKHOBeHHH C nBIJIHHKOH 
aTOMBi a^copOnpyiOTca Ha noBepxHOCTH 
nBIJIHHKH H BCTynaiOT B XHMHHeCKHe 
peaKii,HH c ApyraMH aTOMaMH h MOJiexy- 
jiaMH. IIpHneM 3 th peaKijHH npOHCXO^T 
C nOMOHIBIO KBaHTOBO-MexaHHHeCKOrO 
no^OapBepHoro nepexo^a, Rim KOTOpo- 
ro ynacTHHKaM peaKipiH He TpeOyeTCJi 
6ojibhioh 3HeprHH. TaKHM o6pa30M, no- 
BepXHOCTB KOCMHHeCKOH nBIJIH 5IBJBieTC5I 
npexpacHBiM KaT ajiH3 aTop om ajih cjjop- 
MHpOBaHH^ MOJieKyji H3 aTOMOB. Ho CH- 
TyanH^ ynpomaeTca, Korjra aTOMBi, koto- 
pBie cocTaBjiaiOT MOJiexyjiy, no onepe^H 
npHjinnaiOT k noBepxHOCTH hbijihhkh. 
Ohh 6 eraiOT no nBuiHHKe b pe 3 yjiBTaTe 
TenjIOBBIX ^BH5KeHHH, CTaJIKHBaiOTCII 
jxpyr c jrpyroM, h b nponecce 3thx ctoji- 
KHOBeHHH HaHHHaeT paCTH OoJIBHiaH 
MOJiexyjia. Uor ^eiiCTBHeM yjiBTpa(j)HO- 
jieTOBoro H3JiyneHH5i HeKOTOpBie MOJie- 
KyjiBi o6ojiohkh (H 2 0 CH 4 , NH 3 ) r hc- 
coi^HHpyioT c o6pa30BaHHeM pa^HKajiOB 
- peaKii,HOHHO cnocoOHBix (jjpameHTOB 
MOJieKyji. 3th pa/jHKajiBi MoryT peKOM- 
6 HHHpOBaTB c o6pa30BaHHeM ^pyrnx 
MOJieKyji. B pe3yjiBTaTe ^jinrejiBHoro 06 - 
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jiyneHHn MO^ceT nojiBHTBCfl 6ojiee cjio)k- 
Han CMecB MOJieKyji h pa^HKajiOB. TaKHM 
o6pa30M, npn CBepxHH3KHx TeMnepa- 
Typax H3 HanOojiee jictkhx 3JieMeHTOB 
(H, C, N, O) CHHTe3HpyiOTC5i npOK^e 
6ojiee cjio)KHBie MOJiexyjiBi, noxo)KHe Ha 
KOMnOHeHTBI He^TH [15]. 

O^HaKO H3BCCTHO, HTO XHMHHCCKHe 
peaKii,HH 3aMe,aJiaiOTca c noHH^ceHHeM 
TeMnepaTypBi, nocKOJiBKy yMeHBinaeTca 
hx 3Heprna £jm npeoAOJieHHn OapBepa, 
hjih «nopora peaKii,HH». Ho okojio Bexa 
Ha3a^ 6 bijih HaH^eHBi npoijeccBi, cko- 
pOCTB KOTOpBIX yBCJIHHHBaJiaCB He npH 
HarpeBaHHH, a npn oxjia^eHHH. Hann- 
Han c pa6oT JJjKevLMca fl,ioapa cncTeMa- 
THHeCKHe HCCJie^OBaHHH B oOjiaCTH KpH- 
oxhmhh Be^yrcn c 50-x to^ob npomjioro 
BeKa,neMy cnoco6cTBOBajio nouBjieHne 
pJI^a HOBBIX 3KCnepHMeHTaJIBHBIX Me- 
TO£HK. Ha eerO^HUHIHHH JXQUb H3BeCTHO 
cpaBHHTejiBHO Majio xHMHnecKHx peaK- 
H,HH, KOTOpBie npOHCXO^HT npH HH3KHX 
TeMneparypax caMonpOH3BOJiBHO, 6e3 
cnei^najiBHoro hhhh,hhp OB aHHH . K hhm 
othocotc^, b nepByio onepe/jB, peaK- 
h|hh c ynacTneM MOJieKyjmpHoro (j)TOpa: 
2Na + F 2 = 2NaF (peaKijHn H^eT npn 
85 K) h peaKipra 2NO + 0 2 N 2 0 4 , cko- 

pOCTB KOTOpOH CHJIBHO yBeJIHHHBaeTCJI B 

HHTepBajie 83-90 K. 

fl,JIH }KH^KO$a3HBIX peaKi^HH (Ha- 
npHMep, rajioreHOB c ojie(J)HHaMH) npn 
hh3khx TeMneparypax Ba>KHoe 3HaneHne 
npnoOpeTaiOT cpaBHHTejiBHO cjiaOBie 
Me5KMOJieKyjiapHBie B3aHMOAeHCTBHH 
peareHTOB jxpyr c jrpyroM h c MOJiexy- 
jiaMH cpe^Bi, KOTOpBie npn o6bihhbix 
T eMneparypax He cymecTBeHHBi H3-3a 
TenjIOBOTO ^BH5KeHHH. 

CH 3 CH=CH 2 + Cl 2 ^ CH-CHC1- 
CH 2 C1 (91 K) [3]. 

B pa6oTe [16] npOBO^HJiHCB nccjie- 
£OBaHH5i Ha peaKi^nax CN pa^HKajia c 
CH 4 , C 2 H 6 , C 2 H 4 , C 3 H 6 h C 2 H 2 b TeMne- 
paTypHBix HHTepBajiax 295-700 K. no- 
Ka3aHO, HTO 3TH XHMHHeCKHe peaKi^HH 
3aMe^JiaiOTca c noHH5KeHHeM TeMnepa- 
TypBi, H 3HepTHH aKTHBai^HH HeBBICOKHe. 
B o630pe [44] noKa3aHO, hto npn 3kc- 
TpanojumHH 3thx H3MepeHHH k TeMne- 
parypaM Me5K3Be3^Horo npocTpaHCTBa 
- 20 K KOHCTaHTa CKOpOCTH ^Jia peaKii,HH 

CN pa^HKajia c C 2 H 6 , noHH}KaeTca Ha 
7 nopn^KOB. O^HaKO 3KcnepHMeHTajiBHO 
nojiynaeTca, hto c noHH5KeHHeM TeM- 


nepaTypBi ^o 200 K CKopocTB peaKijHJi 
yMeHBHiaeTca h noTOM pacTeT. npn TeM- 
nepaType 25 K ckopoctb peaKi^HH Ha 
6 nopa^KOB OojiBine, neM 3 KCTpanojiHpo- 
BaHHBie 3 HaneHHa [ 17 ]. 

C HaH6ojiBHieii BepoaTHOCTBio npn 
hh3koh TeMnepaType H^eT npoi^ecc, ko- 
TopBiii xapaKTepH3yeTca HaHMeHBineH 
SHepraeii aKTHBai^HH. Cjie^OBaTejiBHO, 
noHH5KeHHe TeMnepaTypBi b hoao6hbix 
CHCT eMaX M05KCT npHBeCTH O^HOBpe- 
MeHHO k ^ByM 5KejiaTejiBHBiM pe3yjiBTa- 
TaM: BO-nepBBix, 6jiaro^apa H3MeHeHHio 
MexaHH3Ma o6pa30BaHHn ochobhoto 
npo^yKTa peaKii,HH oOjiemaeTca npo- 
i^ecc ero HaKonjieHHn nepe3 hh3kotcm- 
nepaTypHBie MOJieKyjiapHBie KOMnjieK- 
cbi, bo-btopbix, no^aBji^iOTca noOoHHBie 
nponeccBi, xapaKTepH3yiOHiHec5i, KaK 
npaBHjio, 6ojiee bbicokoh SHepmeii aK- 
THBau,HH. B KOHenHOM cneTe, peajiH3y- 
eTCH BBICOKOCeJieKTHBHBIH XHMHHeCKHH 
npoi^ecc BonpeKH RjiaccnnecKHM npaBH- 
jiaM xhmhh. Kopone roBOpn, Me>K3Be3A- 
Hoe npocTpaHCTBO - 3 to CBoero po/ja 
KBaHTOBO-xHMHnecKaa jia6opaTopH«, B 
KOTOpOH MO)KeT nO^BHTBCa I^eJIBIH pH^ 
pa3Hoo6pa3HBix opraHHnecKHx MOJie- 
Kyjl, KOTOpBie aCTpOHOMBI H o6Hapy)KH- 
JIH B KOCMOCe. 

Tpynne yneHBix no^ pyKOBO^CTBOM 
fl,BeilH X3p A, H3 6pHTaHCKOTO YHHBep- 
CHTeTa Jln^ca, Bocco3^aB ycjiOBHa koc- 
Moca b jiaOopaTopHH, y^ajiocB HaOjuo- 
#aTB peaKiimo th^pokchjibhoto pa^HKa- 
jia (OH) c MeTaHOJiOM c o6pa30BaHHeM 
MeTOKCH pa^HKajia (CH 3 0) npn 63 K 
[18]. Ohh o6Hapy)KHjiH, hto npn TaKOH 
HeBoo6pa3HMO hh3koh TeMnepaType 
ra3Bi He tojibko pearnpyiOT, ho h ^ejia- 
IOT 3TO CO CKOpOCTBIO B 50 pa3 60 JIB- 
meii, neM npn KOMHaraoH TeMnepaType. 
TaKaa peaKi^na c o6pa30BaHneM CH 3 0 

npOHCXOJJHT B KOCMHHeCKOM npocTpaH- 
CTBe, 3anojiHeHHOM ra30M, npHneM ee 
npHHHHOH MO)KeT OKa3aTBC« KBaHTOBOe 
TyHHejiHpOBaHHe. KBaHTOBOe TyHHejiH- 
pOBaHne - «HeKjiaccHnecKoe aBjieHne», 
KOTOpoe 03HanaeT, hto BOJiHOBan $yHK- 
ijhji B3aHMO^eiiCTBHa OH h MeTaHOJia 
HMeeT HeHyjieByio Bepo^THOCTB npoHHK- 
HOBeHHn no# 6apBep peaKi^HH. To ecTB 
CHCTeMa MO)KeT nOaBHTBCa CO CTOpOHBI 
«npo#yKTa peaKHHH», He npoiijia npn 
3 tom nepe3 BepniHHy 6apBepa. TyHHe- 
jinpoBaHHe BBiTeKaeT H3 npaBHji KBaH- 
toboh MexaHHKH, KOTOpBie yTBep)K^aiOT: 
nacTHi^Bi He hmciot onpeAejieHHBix co- 


ctouhhh, nojio)KeHHH h CKOpocTeh, a Bee 
3TH BeJIHHHHBI HO COT BepOOTHOCTHBIH 

xapaKTep. Tax hto, xoth AaHHan HacTHija 
C 6 OJIBHIOH BepOOTHOCTBK) AOJDKHa Ha- 
xoahtbca no o^Hy CTOpOHy 6apBepa, Bee 
hk e y Hee ecTB oneHB He6ojiBHioii rnaHC 
noflBHTCfl no a pyryio ero CTOpOHy [19]. 

IIoKa3aHO TaK5Ke [20], hto npn 
10, 50 n 100 K peaKipra MQyKjxy CH 3 OH 
n OH oOecnennBaeT 3({)({)eKTHBHBiH ra- 
30(J)a3HBin MapmpyT o6pa30BaHmi ra30- 
o6pa3Horo mctokch pa^HKana (CH 3 0), 
KOTOpBin 6 biji HeAaBHO o6Hapy5KeH b xo- 

JIOAHBIX, njIOTHBIX MOK3BC3AHBIX o6jia- 

xax. npn H3yneHHH KHHeTHKH peaKn,nn 

THApOKCHJIBHBIX paAHKajiOB c an,eTOHOM 
H ^HMeTHJIOBBIM 3(J)HpOM B TCMnepa- 

TypHOM AHana30He 63-148 K noica3aHO, 
hto AJitf aijeTOHa HaOmo^aeTCH dojiBinan 
OTpni^aTejiBHaa TeMnepaTypHaa 3aBncn- 
MOCTB, npnneM K03(})(j)HIJHeHT CKOpOCTH 
yBejiHHHBaeTca b 62 pa3a npn nommce- 
hhh TeMnepaTypBi ot 148K ao 79 K. J\jik 
flHMeTHJI3$Hpa K03(})(j)HIJHeHT CKOpOCTH 

yBejiHHHBaeTca tojibko b 5.5 pa3 npn no- 
HH5KeHHH TeMnepaTypBi ot 138 K ao 63 
K [21]. K03(|)(j)HipieHTBI CKOpOCTH A+^ 
peaKAHH OH c OTaHOJiOM h H3onponaHO- 
jiom 3HanHTejiBHO yBejiHHHBaiOTCfl npn 
noHH5KeHHH TeMnepaTypBi, npHMepHO b 
18 pa3 b npeAenax ot 293 h 54 K rjisl 
3TaHOJia, b 10 pa3 b npeAejiax MOK^y 
298 h 88 K peaKAHH OH + roonpo- 
naHOJi [22]. B pa6oTe [23] noKa3aHO, 

HTO CKOpOCTB peaKIJHH THApOKCHJIBHOrO 

(OH) paAHKajia c HC(0)OCH 3 yBejiHHH- 
BaeTca Ha oahh nopAAOK npn nomoKe- 
hhh ot 64 K ao 22 K h Ha 3 nopnAKa ot 
298 K ao 22 K. A b pa6oTe [4] npoaHa- 

JIH3HpOBaHBI pe3yjIBTaTBI HCCJieAOBaHHH 
peaKAHOHHOH cnoco6HOCTH yraepOACO- 
Aep5KaiAHx MOJieKyn npn CBepxHH3KHx 
TeMnepaTypax, npe5KAe Bcero KHHeTHKa 
peaKAHH paAHKajiOB C 2 h C 4 H c YB- ot 
M eTaHa ao 6yTaHa, ot 3TeHa ao 6yTeHa h 
OT 3THHa ao 6yTHHa. 

Pe3yjiBTaTBi HCCJieAOBaHHH, Kacaio- 
iahxch hobbix aBjieHHH THna derymeh 
BOJIHBI B HH3KOTeMnepaTypHOH XHMHH 
TBepAoro Tejia HaOmoAaiOTCii b caMBix 
pa3H006pa3HBIX TBepAO$a3HBIX XHMH- 
necKHx peaKAH5ix npn TeMnepaTypax 
}khakoto a30Ta hjih Term, o6cy5KAaiOT- 
c a b pa6oTe [24]. HccjieAOBaHHBie npo- 
AeccBi xapaKTepH3yiOTca aHOMajiBHO 
BBICOKHMH CKOpOCTHMH peaKipiH, KOTO- 
pBie CpaBHHMBI CO CKOpOCTBK) CaMBIX 
OBICTpBIX peaKAHH TOpeHHa BBICOKOH 


TeMnepaTypBi b KjiaccHHecKOH xhmhh. 
npeAnojiaraeTCn, hto MexaHH3M 3thx 
peaKAHH HinpoKO BCTpenaeTcn b koc- 
Moce. B o630pe [25] c ijejiBio H3yneHH5i 
3BOJIIOAHH yrjiepOAHCTBIX COeAHHeHHH 
npeAJiaraeTca HCCneAOBan> (})H3 hko- 
XHMHHeCKHe MOAeJIH, HMHTHpyiOIAHe 
HepaBHOBecHBie npoijeccBi Ha noBepx- 
HOCTH HaCTHH, nBIJIH B MOK3BC3AHBIX 
o6jiaKaX, BBI3BaHHBie KOCMHHeCKHMH 
nynaMH, YO H3JiyHeHHeM h yAapHBiMH 
BOJIHaMH. B KOCMHHeCKOM npocTpaH- 
CTBe paAHoaKTHBHoe H3JiyHeHHe ecTB 
Be3Ae. H3JiyHeHHe npHBOAHT HeKOTOpBih 
npoAeHT aTOMOB b B036y)KAeHHoe co- 

CTOUHHe, H CHHTaTB HX XOJIOAHBIMH y)K e 
HejiB3a. no3TOMy MoryT hath peaKAHH, 
HMeioiAHe oneHB OojiBinyio 3Heprmo aK- 
THBaAHH. 
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In this report author reveals the secret of the lost “demonstratio 
mirabile” of Fermat’s Last Theorem discovered and gradually perceived 
when solving the Beal’s Conjecture some years ago. It consists 
in exposing the geometrical structure of the generalized Fermat’s 
Theorem (Beal’s Conjecture), which does not allow to represent the 
Fermat equation for powers n > 2 as the product of linear factors. 
The principal non-linear structure of the Beal-Fermat equation has a 
transparent physical sense - impossibility to divide n-particle integral 
complexes into two other n-particle integral parts. 

Keywords: Beal’s Conjecture solution, Fermat’s Last Theorem, 
arithmetic geometry, ancient mathematics, additive number theory: 
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AOKA3ATEJIbCTBO nmOTE3bI EHJDI 
KAK MATEMATHUECKOE OTKPbITHE 

HBJiHeB IO.A., KaH/c $H3.-MaT. HayK, axa^eMUK 
Me^K/tyHapo/jHaa Axa/jeMmi HH(j)opMaTH3aitHH, Pocchh 

B HacToameM aoKjia/je aBTop pacKpbiBaeT cexpeT yrepaHHon «uy- 
/jecHon /teMOHCTpauHH)) BejiHKon TeopeMbi OepMa, odHapy^ceHHbin n 
nocTeneHHO oco 3 HaHHbin bo BpeMn aoKa 3 aTejibCTBa ranoTe 3 bi Ehjih He- 
ckojibko Jier TOMy HasazL Oh 3 aKJiiOHaeTca b BbiHBjieHHH reoMeTpHnecKOH 
CTpyKTypbi o 6 o 6 meHHon TeopeMbi <PepMa (rraiOTe 3 bi Ehjih), KOTopaa He 
no 3 BOJiaer 0 ^H 03 HauH 0 npeacTaBHTb ypaBHeHne cpepMa CTeneHH n > 2 
b BHjte npoH 3 Be r zteHna jiHHeiiHbix coMHoacHTejien. npuHnunuajibHaa He- 
jiuHCHHaa CTpyicrypa ypaBHemia Enjia-dPepMa HMeeT np 03 pauHbiH c[>h 3 h- 
HeCKHH CMbICJI, COCTOaiUHH B HCB 03 M 0 >KH 0 CTH pa 3 £eJIHTL n-HaCTHHHbie 
uejiociHbie KOMnjieKCbi Ha jjBe jtpyrne n-uacTHHHbie uejibie nacTH. 

KjuoneBbie cjioea: jjoxasaTejibCTBO rHnoTe3bi Enjia, BejiHKaa 
TeopeMa OepMa, apH^MeTHnecKaa reoMeTpna, apeBHaa MaTeMaTHKa, 
aaauTHBHaa Tcopna unceji: pa36neHHa 

YnaCTHHK KOH(J)epeHLl,HH, 

HaunoHajibHoro nepBeHCTBa no nayHHoii aHajiHTHKe, 

OTKpbiToro EBponeiicKO-A3HaTCKoro nepBeHCTBa no HayuHon aHajiHTHKe 


http://dx.doi.org/! 0. 1 8007/gisap:pmc.v0i8. 1 556 



PhC. 1 (o603HaHeHHH CM. B TeKCTe) 


1 . BeeaeHHe. ITinoTe 3 a Ehjih KaK 
o 6 o 6 meHHaH BejiHKaa TeopeMa OepMa. 

rHnoTe3a Ehjhi [1] HMeeT flejio c 

npOH3BOJIBHBIMH CTeneHUMH IfeJIbIX HH- 

ceji, odbeAHHeHHbiMH b o/jho ypaBHeHHe 
Hano^odHe xopomo H3BecTHoro ypaB- 
HeHHa H3 BejiHKOH TeopeMbi OepMa. 
Ilpeflji05KeHHe Ehjhi pemaeTca c noMO- 
mbio ^peBHerpeuecKHx apncjjMeTHKO- 
reoMeTpHuecKHx mcto^ob, ycnemHO 
npHMeHaeMbix Tax>Ke h k npodjieMe 
OepMa [2-5]. Cpe^H ninpoxo H3BecT- 
hmx MareMaTHHecKHx THnoTe3 THnoTe3a 
Ehjhi 3 aHHMaeT ocodoe MecTO xax 0606 - 
memie BejiHKOH TeopeMbi OepMa [1]. 
O^Haxo ododmemie b [ 1 ] 3 aTparHBaeT 
TOJibKO (JjopMajibHyio 3anncb THnoTe3bi 
h He #aeT £oxa3arejibCTB ododmeHHoii 
TeopeMbi. Eojiee toto, h ^a)xe HaodopOT, 
THnoTe 3 a Ehjhi cbo^htch k npodjieMe 
OepMa, paccMaTpHBaeMoii ok npodjie- 
Ma apH(j)MeTHHecKOH reoMeTpHH, h HMe- 
eT npocToe Jierxoe pemeHHe, jjocTymioe, 
no-BH^HMOMy, /fpeBHHM MareMaTHxaM 
h OepMa TO)Ke. ^eiicTBHTejibHO, ecjin 
BcnoMHHTb, xax OepMa (jjopMyjiHpOBaji 
cbok) TeopeMy («Hejib3a pa3#ejiHTb xyd 
Ha ^Ba xy 6 a h t .£.»), to cpa3y CTaHOBHT- 
c a oueBH^HOH reoMeTpHuecKaa no/jo- 
njiexa 3Toro MareMaraHecKoro yTBep)K- 
^eHHa. ^jia caMoro OepMa h jjpeBHHx 
MaTeMaTHKOB ifejibie uncjia 6 bijih co- 
BOKynHO CTblO 3JieMeHTapHbIX (e^HHHH- 
hbix, He^ejiHMbix) odbeKTOB (Kax HanpH- 
Mep, n-MepHbix eflHHHHHbix xydoB, He 
roBOpa yyK o eflHHHHHbix OTpe3Kax) £jia 
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C03£aHHJI H3 HHX 60Jiee CJI05KHBIX KOH- 

CTpyKifHH. Tax hto c caMoro Hauajia pac- 
CMOTpeHH^ OKOH-JIHdo HeCTaH/japTHOH 
MaTeMaTHuecKOH 3a#aHH eflHHHifa Moraa 
BoenpHHHMaTbca Kax HejiKHeimbiH reo- 
MeTpHuecxHH odbexT (eAHHHHHaa njio- 
Hta^b, ejJHHHHHblH o6beM H T.fl.), HTO 
mbi h Hadjiio^aeM Ha npHMepe BejiHKOH 
TeopeMbi OepMa, pemaeMoii c noMombio 
reoMeTpHuecKoii TeopeMbi EBKjiH^a h 
BbiTeKaiomeii H3 Hee TeopeMbi IlH^aro- 
pa, H3o6pa)KaeMbix Ha njiocKOCTH, a He 
Ha npaMOH jihhhh. Taxoe nepBodbiTHoe 
BH^eHHe MaTeMaTHuecKHx odbexTOB 
npHHifHnHajibHO OTjiHuaeTca ot jiHHeii- 
hoto npe^CTaBjieHHH cji05KHbix MaTeMa- 


THHeCKHX (j)OpMyjI B COBpeMeHHbIX a3bl- 
xax nporpaMMHpOBaHH^, noTeHifnajibHO 
HCKa)KaiOHtHX BOCnpHOTHe CKpbITbIX 
(eme He no3HaHHbix) odbeKTOB. 

TaxHM odpa 30 M, cexpeT «uy^ecHOH 
AeMOHCTpaifHH» BejiHKOH TeopeMbi 
OepMa coctoht He b jikhchhom no- 
BTOpeHHH IfeJIbIX OTpe 3 KOB Ha npaMOH 
jihhhh [5], a b no^odHH npaMoyrojib- 
hbix TpeyrojibHHKOB, nojiyuaeMbix H 3 
reoMeTpHuecxoii TeopeMbi EBKjiH^a, hto 
codcTBeHHO h cocTaBjiaeT npe^MeT Ma- 
TeMaTHHecxoro OTKpbrraa b ^OKa 3 aTejib- 
CTBe THnoTe 3 bi Ehjhi xax ododnteHHOH 
TeopeMbi OepMa (cm. pnc. 1 , B 3 aTbiii H 3 
padoTbi [3]). 0,zfHaKO OTKpbiTHe no^JiHH- 


hoh CTpyKTypBi TeopeMbi OepMa hcbo3- 
M05KH0 6e3 BBe^eHHH HOBbIX nOHUTHH 
hjih, no KpanHen Mepe, aBTOpCKon Tep- 
MHHOJiornn, c nopora OTBepraeMbix hjih 
He npneMjieMbix peAaKijmiMH ojihthmx 
MaTeMaranecKHx }KypHajiOB. Elo3TOMy 
b ^ajibHennieM aBTop AaeT cboh onpe^e- 
JieHHa MaTeMaTHHeCKHX 06beKT0B, XOTH, 
BnponeM, h He npHBbiHHbie am cjiyxa 
npo(J)eccHOHajibHbix MareMaTHKOB. IIpH- 
BO^HMoe HH)Ke MaTeMaTHnecKoe A0O3a- 
TejibCTBO o6o6meHHOH TeopeMbi moukqt 
6biTb oraeceHO k pa3^ejiy apn(j)MeTHHe- 
ckoh ajire6paHnecKOH reoMeTpHH coBpe- 
MeHHOH TeOpHH HHCeJI. 

2. Apn^MeTHHecKan reoMeTpHH 
ranoTe3i>i Ehjih h Bejnikoh TeopeMbi 
OepMa (aoKa3aTejibCTBO o6o6ipeHHoii 
TeopeMbi). 

rHnoTe3a Ehjih yTBep^aeT [1]: 
VpaBHeHHe A x + B y = C z He HMeeT 
pememHi b nojio^cHTejibHbix ijejibix hhc- 
jiax A, B, C,x,y ,z npn x, y, z He MeHbine 
3 H B3aHMHO npocTbix A,B, C. 

Hjih b Apyroh (JiopMyjiHpOBKe [1]: 

nycTb A, B, C, x, y z nojiO)KHTejib- 
Hbie i^ejibie HHCJia ( x, y, z > 2). Ecjih A x 
+ B y = O, mozda A, B, C hmciot o6iahh 

MHO)KHTeJIb. 

nepenHineM ypaBHeHHe rHnoTe3bi 
Ehjih cjie^yiomHM o6pa30M, Ha3BaB ero 
ypaBHeHneM Emra-OepMa: 

x n +y n =z n (1) 

me noji05KHTejibHbie uejibie x, y, z 
HMeiOT o6iahh MHO)KHTejib, a noo3a- 
Tejib CTeneHH n OAHOBpeMemio npHHH- 
MaeT cneKTp 3HaneHHH: n = (k, l, m) c 
i^ejibiMH k, l, m, He MeHbiHHMH 3, h oa- 

HHM He3aBHCHMbIM 3HaHeHHeM AM 05K- 
Aoro HjieHa ypaBHeHHu. TaKHM o6pa30M, 
c caMoro Hanajia mbi npe^nojiaraeM, hto 
paBeHCTBO (1) cymecTByeT h cootbct- 
CTByiomee pa36neHHe ijejiOH CTeneHH Ha 
ABe Apyrne ijejibie CTeneHH mo5kct 6bitb 
nojiyneHO. Taxon mctoa npeACToamero 
A0O3arejibCTBa othochtch k o6jiacTH 
npaB^ono^o6Hbix yTBep5K,aeHHH h H3- 
BecTeH Kax mctoa A0O3arejibCTBa ot 
npoTHBHoro. 3aTeM mo)kho HCCJieAOBarb 
jno6bie npOH3BOJibHbie pemeHHn ypaB- 
HeHHH (1) b i^ejibix HHCJiaX. 

2.1. HaHajibHbiii 3Tan AOKa3aTejib- 
CTea rnnoTe3bi Ehjih. 

PaccMOTpHM rnnoTeTHHecKoe pa- 
BeHCTBO (1) Kax pa36neHHe ijejiOH CTe- 
neHH z n Ha ABe Apyrne ijejibie uacra x n 


h y n . Oho HanoMHHaeT ypaBHeHHe IIh- 
(jmropa b AencTBHTejibHbix HHCJiax, ecjin 
6bi mbi motjih pe^yi^npOBaTb CTeneHH b 
(1) AO noKa3arejHi 2 c ijejibiMH nacTHMH 
b tom 5Ke caMOM pa36neHHH am toto, 
HT 06 bI M05KH0 6bIJIO J1QTKO npOBepHTb 
paBeHCTBO nojiyneHHoro pa36neHHa 
HexoAHOMy. B (j)H3HKe noAo6Hbie npe- 
o6pa30BaHHn Ha3bmaiOTca CKeiijiHHroM 
(MaeiHTa6HOH HHBapHaHTHOCTbK)). Kpo- 
Me toto, pa36neHHe (1) b bhac ypaB- 
HeHH^ nn^aropa o6Hapy)KHBaeT co6- 
CTBeHHyio MaTeMaTHHecxyio CTpyxrypy 
o6o6meHHOH TeopeMbi, KOTOpan mo5kct 
6bitb onncaHa ok npuMoe npOH3BeAe- 
HHe MH05KeCTBa AOHCTBHTeJIBHBIX HH- 
cejl B MHOTOMepHOM apH(J)MeTHHeCKOM 
npocTpaHCTBe ( n 2) h aAeKBarao npeA- 
CTaBjieHa reoMeTpHnecKon TeopeMOH 
EBKJIHAa, TeOMeTpHHeCKHH BHA KOTOpOH 

H3o6pa5KeH Ha Phc. 1 . fl,jia toto, hto6bi 
pacKpbiTb MaciHTa6Hyio HHBapnaHT- 
HOCTb ypaBHeHHH (1), BBeAGM nOHHTHe 
np^MoyrojibHoro nncjia (b aHrjiHHCKOM 
BapnaHTe CTaTbH aBTop ynoTpe6jineT 
co6cTBeHHbiH HeojiorH3M “right-angled 
numbers”, xoth, no-BHAHMOMy, jiynme 
6bijio 6bi CKa3aTb “right angle triangle 
numbers”, ecjin homhhtb, hto 3tot Tep- 
mhh BKjnonaeT b ce6n He tojibko Aejibie 
HHCJia, Kax b cjiynae nn^aropOBbix Tpo- 
eic). 

Onpedenenue . npuMoyrojibHoe hhc- 
jio - 3to Taxoe HeoTpHAaTejibHoe Aeii- 
CTBHTeJIbHOe HHCJIO, KBaApaT KOTOpOTO 
^BjiaeTca AejibiM HeoTpHAaTejibHbiM 
HHCJIOM. 

MHO)KecTBO npaMoyrojibHbix nnceji 
P = {0, 1, V2 , V3 , 2, U5, ...} cneTHO. 
CncTeMa npuMoyrojibHbix nnceji P = 
6P,+,-,0,lc onpeAejiaeTCn onepaAHUMH 

CJI05KeHHH H yMH05KeHH5I, a TaK5Ke ABy- 
m a BbiAejieHHbiMH 3jieMeHTaMH (HyjieM 
h eAHHHAeii). CncTeMa P He3aMKHyTa b 
OTHO meHHH CJI05KeHH«. MHO)KeCTBO He- 
OTpHAaTejibHbix ijejibix nnceji aBjiaeTca 
noAMHO)KecTBOM MHO)KecTBa npuMoy- 
rojibHbix HHceji. PaccMOTpHM pa36HeHHe 
(1) Ha 2-MepHoii pemeTKe npuMoyrojib- 
HBIX HHCeJI C KOOpAHHaTaMH JC o , y o , BBeAJI 
noHHTHe HOpMbi npaMoyrojibHoro nncjia 
z, npeACTaBjieHHoro Ha 3 toh pemeTKe 
HHCJiaMH x ,v:z 2 =x 2 + v 2 . HopMa 
np^MoyrojibHbix nnceji Bcer^a i^ejiaa h 
H e MO)KeT 6 bitb MeHbme 1. H,ejibie hhc- 
jia x o 2 h y o 2 npoderaiOT 3HaneHmi ot 0 ao 
z 2 h ot z 2 ao 0 c rnaroM, paBHbiM 1 . Tax 
hto np^MoyrojibHoe hhcjio z HMeeT z 2 
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pa3JIHHHBIX pa36neHHH B BHAe HOpMbi. 
CpeAH hhx MoryT OKa3aTbcn pa36neHHa, 
cocTaBjieHHbie H3 nH(J)aropOBbix Tpoex 
HHCeJI, h ohh-to ok pa3 h MoryT no- 
cjiy5KHTb 6a3oii rjisl nocTpoemni (1) b 
Aejibix HHCJiax. 

J\jik npHBeAeHHa (1) k BHAy ypaBHe- 
hhh nn^aropa b CHCTeMe np^Moyrojib- 
hmx HHceji nepenumeM paBeHCTBO (1) 
OK paBeHCTBO A^ B3aHMHO npOCTbIX 
HHceji x\y\z’ h odmero Aejioro mho- 
5 KHTejni d : (x’d) k + (y’d ) 1 = (z’d) m h 
B binojiHHM npOAeAypy MacniTadHpOBa- 
HHH BHH3I 


(z ’d) 2 = (x ’d) k / (z ’d) m ~ 2 + 

+ (y’d) 1 / (z ’d) m ~ 2 = (x ) k d k m+2 / (z ’) m ~ 2 + 
+ (y y d~ m+2 / (z ) m ~ 2 = x o 2 + y o 2 , 

TAe X o 2 H y o 2 HBJHHOTCH KBaApa- 
TaMH np^MoyrojibHbix HHceji x o h y o 
(HanoMHHM,HTO b CHCTeMe np^Moyrojib- 
Hbix HHceji ApodHbie nncjia ^bji^iotc a 
HyjieM npuMoyrojibHbix HHceji). fl,jia 
toto HTodbi nojiyuHTb uejibie nacTH b 
cyMMe npeo6pa30BaHHoro paBeHCTBa 
(1), Heo6xOAHMO, HT06bI dk ~ m+2 h d l ~ m+2 
6bijih Kparabi (z) m ~ 2 . OneBHAHO, k h / 
AOjdkhbi 6biTb 6ojibme hjih paBHbi m-1. 
Ecjih k hjih / He yAOBjieTBOpniOT 3TOMy 
npaBHjiy, Toma paBeHCTBO (1) He mo- 
5KeT 6biTb npeACTaBjieHO Ha pemeTKe 
npuMoyrojibHbix nnceji h, cjieAOBaTejib- 
ho, nocTpoeHO H3 HaTypajibHbix nnceji. 
OAHao, ecjin (k, l) m-1 , paBeHCTBO (1) 
npnodpeTaeT cjieAyioiAyio ({)0pMy nocjie 
MacmTadHpoBaHHa BBepx: 


x k + y l = z m ~ 2 (x o 2 + y o 2 ) 


( 2 ) 


Tenepb npHMeHHM apcbhhh mctoa 
nocTpoeHmi uejibix CTeneHeii unceji, oc- 
HOBaHHbiii Ha reoMeTpHuecKoii TeopeMe 
EBKjiHAa [2] h 3 ammieM ABe uenouKH npo- 
nopAHH, CB 5 i 3 aHHbix Me 5 KAy co6oh paBeH- 
ctbom, npeACTaBjunoiAHM uejioe hhcjio z b 
BHAe cyMMbi AByx Apyrnx uejibix HHceji: 


z/x =x/k = k/k. = ... = k Jk , (3) 

o o 1 m-3 m-2 v 7 

z/y =y // = ///. = ... = / // 

y o y o 1 m-3 m-2 


r,zje z, x o , y o - np^MoyrojibHbie hhc- 
jia H3 (2), m - HaTypajibHbiii hhackc He 
MeHbme 3; z = k + /; k and / - ijejibie 
nacTH HHCJia z, nojiynemibie mctoaom 
M acmTadHpoBaHHa bhh3. H 3 (3) cjieAy- 
iot (jiopMyjibi: 
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x g 2 = kz = (k } z /x Jz , xj = kp 2 = 

= ( kyz /xjz 2 x o m = k m _ 2 z-\ (4) 

y„ 2 = lz = 0? ; y) z > yj = l i z2 = 0? fy) 

z 2 ..... y 771 — l , z 771 ^ 1 , 

7 7 * o m—2 7 

me k h / Haxo^aTCH H3 6a30Boro 
ypaBHemm (1): 

z = (z’d) = (x ’d) k /(z ’d) m ^ + 

+(y ’d) 1 /(z ’d) 77 ^ 1 = k + l 


IIoKa3aTejiH CTeneHH k h / ^ojdkhbi 
6bitb 6ojibine hjih paBHbi m, hto 6 nnejia k 
h / 6bijih i^ejibiMH npH d xparaoM (z ) m ~ 1 . 

J\jm np^MoyrojiBHbix nnceji x o , y o H3 
(4) h (2) Haxo^HM cjie^yiomHe CTeneHH : 
x m = k z 771 " 1 = x 2 z m ~ 2 , y m = / z w ~ 7 = y o 2 


z w_2 , me KBa^paTHBie xopHH H3 x m , y m hb- 
JBHOTCH Cpe^HHMH npOnOpI^HOHaJIBHBI- 
mh Meamy x o 2 h z m_2 , y o 2 h z m_2 , oiihcbi- 
BaioniHMH ctopohbi yBejiHneHHoro npn- 
MoyrojiBHoro TpeyrojiBHHKa, nojjoOHoro 
TpeyrojiBHHKy co CTOpOHaMH x o , y o , z , 
npeACTaBjieHHoro Ha Phc. 1 . Eojiee Toro, 
COOTHOHieHHa (2) - (4) #aiOT 0£H03HaH- 
HBie BejiHHHHBi CTeneHeH b pa36HeHHH 
(1), T.e., x m = x k , y m = y. TaKHM o6pa30M, 
mbi nojiyHHUH TO)K^ecTBO noRodnux 
pa36neHHH z n Ha ,ziBe ijejiBie nacTH: 


z m — x k + y = z w ~ 2 (x o 2 + y 2 ) = x m + y m (5) 
me x* - = x m , y - (y //w y - y m , 

ecjiH (k, /) = m. B ejiynae npOH3BOJiBHBix 
noxa3arejieH k , / ocHOBamra CTeneHH m 
MOryT 6BITB TOJIBKO IjeJIBIMH HHCJiaMH B 
COOTBeTCTBHH C nOCTpOeHHUMH (2)-(4), 
a caMa CTeneHB m nBjraeTcn CBoeo6pa3- 
HBIM KBaHTOpOM ypaBHeHmi (1). 

KpoMe Toro, TeopeMa OepMa yTBep^a- 

eT, HTO X, y AOJ15KHBI 6BITB I^eJIBIMH, KaK 
pe6pa w-MepHBix xy6oB b reoMeTpHne- 
ckom npe^CTaBjieHHH. 3 to yKa3BiBaeT Ha 
TO, HTO npflMOyrOJIBHBIH TpeyrOJIBHHK c 
I^eJIBIMH CTOpOHaMH V X m , V y m MOT 6bl 
6 bitb nocTpoeH tojibko H 3 ijejiBix x g , y o , 
npeACTaBji^nomHx ho^o 6 hbih npuMoy- 
TOJIBHBIH TpeyrOJIBHHK. O^HaKO TOHHO 
3 to ycTaHOBHTB mo}kho 6y#eT BO BpeMU 
^OKa3aTejiBCTBa H3HaHajiBHOH TeopeMBi 
OepMa. A noxa ^a^HM cxeMy h^chthh- 
hbix npeo6pa30BaHHH pa36neHHa (1): 


z m — x k + y 


’W+yJ) 

i 


z m = x m + y m <— ( x 2 z 771 " 2 ) +( y 2 z m ~ 2 ) 

HTax, rnnoTeTHnecKoe paBeHCTBO 
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(1) cboahtch k paBeHCTBy OepMa b ije- 
jibix HHCJiax: 

x m + y m = Z m f m> 3 (6) 

me x = x’d, y = y’d, z = z’d,ad 

M05KCT 6BITB JIK)6bIM I^eJIBIM HHCJIOM, B 
HaCTHOCTH, npOCTBIM HHCJIOM. IlpHCTy- 
nHM TenepB k £Oxa3arejiBCTBy TeopeMBi 
OepMa c noMOHiBio onncaHHBix BBirne 
MeTO^OB £jin Toro, hto6bi 3aBepniHTB 
^OKa3aTejiBCTBO rnnoTe3Bi Ehjhi. 

2.2. 3aeepmeHHe AOKa3aTejibCTBa 
rnnoTe3bi Ehjih. 

JJoKasamejibcmeo BenuKou meope- 

Mbi OepMa . BejiHKan TeopeMa OepMa 
yTBep)K^aeT, hto HH^ecjie^yiomee ypaB- 
HeHHe fljia i^ejiBix z,x,y h HaTypajiBHoro 
noKa3aTejia n> 2 He HMeeT pemeHH^: 

z n =x n +y n (7) 

npoBepHM 3to yTBep5K,aeHHe. npe^- 
noji05KHM, hto, no KpaHHen Mepe, Ha- 
hijiocb o^ho Taxoe pemeHHe. 3aTeM 
nonBiTaeMCn nocTpOHTB 3 to pemeHHe 
h y6e£HTBCn b ero bo3mo)khocth hjih 
H eB03M05KH0CTH. Hame Hccjie^OBaHHe 
npOBe^eM b chctcmc npuMoyrojiBHBix 
HHceji (cm. ^aHHoe b 2.1. OnpenejieHHe ). 

PaccMOTpHM paBeHCTBO (7) Ha jspy- 
MepHOH pemeTKe npuMoyrojiBHBix nnceji 
C KOOp^HHaTaMH X 0 , y 0 H COOTBeTCTBy- 
lomeH hopmoh z 2 = x^ 2 + y 2 (cm. Phc. 
1). ^toGbi nocTpOHTB CTeneHH i^ejiBix 
nnceji, npe^CTaBjieHHBie b (7), 3annmeM 
,aBe u,enoHKH HenpepBiBHBix nponop- 
H,HH, CBa3aHHBIX MC5K^y C06OH HOpMOH 

z2=x 0 + Vo'- 

z/x 0 =x/k=Wk I = ...=k^/k ih _ 2 
z/ y o =y (/ l= l/ll = ...= l J^ (8) 

me HarypajiBHBie hh^ckcbi nocjieji- 
HHX HJieHOB Ka)K^OH H,enOHKH B (8) no- 
jiynaiOTca H3 n > 2. H3 nponopi^HH (8) 
ejie^yiOT (J)opMyjiBi: 

kz = x 0 2 , k 1 z = x 0 k,k 2 z = x 0 k l , 

k n-2 Z = X oK-, 

lz= y 0 2 ’ h z= yJ’ l J=yJv ■■■> 

Kj=yJ „. 3 (9) 

x 0 2 = kz —(kjZ /x (y )z, x 0 3 = k x z 2 =(k 2 z /xjz 2 , 

- > X 0 = K- ^ 

y 0 2 = lz =0, z y<? = h z2 = ( l f fyJ 22 ’ 

... ,y; = (10) 


TenepB Heo6xo£HMO 3a$HKCHp0BaTB 
HOpMy HHCJia z b pa36neHHH z n Ha j\bq 
TaKH e hk e CTeneHH b (7). Kax h b ejiynae 
e rHnoTe30H Ehji^, npHMeM, hto z, x, y 
b rnnoTeTHHecKOM paBeHCTBe (7) HMe- 
IOT o6lIIHH MHO)KHTeJIB d , T.e. z = (z’d), 
x = (x’d), y = (y’d), me z’,x’.y’ - B3aHM- 
ho npocTBie. 3aTeM pa3flejiHM paBeHCTBO 
(7) Ha z nA h nojiyHHM: z = (z’d) = (x’d) 
n /(z’d) 71 ' 1 + (y’d) n /(z’d) 71 ' 1 = k + /, me 
k , l ijejiBie, ecjiH d Kparao (z) 71 ' 1 . Ot- 
cnma h H3 (9)-(10) cjie^yiOT BBipa5KeHHn 
^jia HOpMBi z 2 = x 0 2 + y 2 h ee mo^h(J)h- 
IIHpOBaHHOH (JjOpMBI Z n = Z 71 ' 2 ( X 2 +y g 2 ). 

fl,ajiee H3 (10) mo)kho nojiyHHTB 
eflHHCTBeHHoe pa36neHHe z n Ha Tpn Ta- 
Kne 5Ke CTeneHH b w-MepHOM apH(j)MeTH- 
necKOM npocTpaHCTBe fljia ^aHHoii Hop- 
mbi npn n > 2: 

z " = x; +y; + „ (ii) 

rae x n = zr> [(k-kj + (l -/ J] 
nojiynaeTca noejie BBiHHTaHna x fJ n h y Q n 
H3 z n . Tax hto y >0, xoma n > 2 h x q 
y 0 ± 0; X n = 0, xoma n = 2 h x Q y 0 ^ 0, 

x o,y 0 , e [°’ z ]’ z G (°» °°)- 

M 3 nocTpoeHHH (8) - (11) cjieflyeT 
B3aHMHO OAH03HaHHOe COOTBeTCTBHe 
MQHKjxy Ka5x,aoH napoii nnceji (x 0 y Q ) 
C HOpMOH Z 2 = X 2 + y 2 H3 2-MepHoro 
apH(J)MeTHHecKoro npocTpaHCTBa h Ka)x- 
^bim eooTBeTCTByiomHM pa36neHHeM 
CTeneHH n > 2 nnejia z H3 w-MepHoro 
apH^MeTHnecKoro npocTpaHCTBa Ha 
eyMMy TaxHx hkq CTeneHeii nnceji x Q y Q 
H OCTaTKOM X n H3 (11). B CBOHX flpyillX 
pa6oTax aBTOp Ha3BiBaji Taxoe cootbct- 
CTBHe H30M0p$H3M0M, XOT^ 3TO 60 Jiee 
CJI05KHOe H pa(j)HHHpOBaHHOe nOM- 
Tne, Tpe6yiomee CBoero enei^HajiBHO- 
ro paecMOTpeHHa. HTax, cymecTByeT 
B3aHMHO OAH03HaHHOe COOTBeTCTBHe 
MQHKJXy MHO}KeCTBOM BCKTOpHBIX CTpyK- 
Typ 2-MepHoro eBKjiHflOBa npocTpaH- 
CTBa e xoopAHHaTaMH x 0 y Q h pa^ny- 
COM-BeKTOpOM ^JIHHOH Z, MH05KeCTBOM 

pa36HeHHH z 2 Ha xBa,apaTBi h mho > xe- 
CTBaMH pa36HeHHH (11) Ha w-MepHBie 
xyOxi jiJiii xaix^oro i^ejioro n > 2: 
[z=>(xo,yo ) ] « {z 2 =x 0 2 +y g 2 } <r* 

{ z" = x 0 " + y 0 " + XJ 

B HameM KOHKpeTHOM ejiynae 3 to co- 
OTBeTCTBHe npeACTaBjieHO hoao6hbimh 
pa36HeHH^MH z 2 = x 2 + y 2 h z n = x ” + 
+ y” + X n , me b noejieAHeM ^Ba ejiarae- 

MBIX o6Be^HHeHBI B 0£HO. Mo^oGne 3THX 

pa36HeHHH ycTaHaBjiHBaeTca no (jjaxTy 


HajiHHHfl npe^nojiaraeMoro paBeHCTBa 
(7). fl,eHCTBHTeJIBHO, nOCKOJIBKy H3 HH- 
cejl HOpMBI Z MO)XHO nOJiyHHTB TOJIBKO 
o^ho eflHHCTBeHHoe pa36HeHHe z n Ha 
w-MepHBie Ky6Bi, to oho ^ojhxho coBna- 
aTB C (JiaXTHHeCXHM Hepe3 paBeHCTBO 
pa36neHHH z n = x Q n + y ” + A n ncxo^HOMy 
rnnoTeTHnecKOMy pa36HeHHio (7): 

z"=x" +y = zr- 2 ( x 2 + y 2 ) = 

= x 0 "+y 0 " + K ( 12 ) 

CooTHomeHHe (12) npeACTaBjineT 
co6oh o/jho h to hk e pa36neHHe z n Ha 
w-MepHBie Ky6Bi b BH^e cyMMBi KaK #Byx, 
Tax h Tpex cjiaraeMBix, nojiyneHHBix H3 
O^HHX H Tex HKQ X Q y Q . KOM6HHaTOpHOe 
cpaBHeHHe pa36HeHHH Ha £Ba h Ha TpH 
TepMa npHBO^HT k cjie^yiomeMy paBeH- 
CTBy: 

x o +y 0 n = (x"njmy n ) 

H COOTBeTCTBeHHO 

X n = (y n hjih x"). (13) 

CnpaBe^HHBOCTB (13) o6ocho- 
BBmaeTca TeM, hto x” ± z n ' 2 y 0 2 = y n h 
yn -j. Z n- 2 X 2 - H3 _ 3a HecoBna^emni pa 3 - 

JI05KeHHH HHCeJI B (j)aXTOpH3aiJHH x” h y n , 
y” h x” . OneBH^HO, hto x” ± z n ~ 2 x 2 h 
y" + z"- 2 y 2 . 

IIoKa}KeM TenepB, hto x q h y Q He mo- 
ryT 6BITB HppaiJHOHaJIBHBIMH B (13) H3- 
3a ijejioro pa36neHH5i z n Ha x n ny n . 3jxgcb 
MoryT BCTpeTHTBca ^Ba cjiynaa: xor^a 
n HBjiaeTca HeneTHBiM hhcjiom (o6o3Ha- 
hhm ero v = n odd > 3) h xor^a n neraoe 
hhcjio (o6o3HanHM ero v = n > 4) . 

v even 7 

PaccMaTpHBaa nepBBin cjiynan, Haxo- 
PM, hto x Q h y Q He MoryT 6 bitb Hppa- 
ijHOHajiBHBiMH b (13), Tax xax HppaiJH- 
OHajiBHBie xBa,apaTHBie xopHH He MoryT 
AaBaTB b cyMMe paijHOHajiBHoe hhcjio. 

PaccMOTpHM TenepB BTOpoii cjiy- 
naii, xor^a n = ju. B caMOM flejie, c o#- 
hoh CTopoHBi, HMeeTCn nncjjaropOBa 
Tpoiixa HHceji z m , x m , y m , r^e m = /2, Ta - 
xan, hto ( z m ) 2 = (x m ) 2 + (y m ) 2 . C Apyroil 
CTOpOHBI, HCXO^HOe paBeHCTBO MOUKQT 
6bitb 3anHcaHO b BH^e z 2 = x 2 + y 0 2 , 
noxa3BiBaiomeM, hto yxa3aHHan Tpoii- 
xa HHceji eooTBeTCTByeT Tpoiixe z, x Q , 
y 0 , onncBiBaiomeH ho£o6hbih npuMoy- 
tojibhbih TpeyrojiBHHx. Cjie^OBarejiBHO, 
z m /x m = z/x f] , z m /y m = z/y Q x m = xyz mA , 
y m = yyz m ~ 1 h x q h y Q He MoryT 6bitb Hp- 
panHOHaJIBHBIMH. 

HTax, b pe3yjiBTaTe npe^Bi^ymnx 


BBIHHCJieHHH 6BIJIO HaH^eHO, HTO paBeH- 
CTBO (13) COCTOHT H3 IjeJIBIX HHceji. Eo- 
jiee toto, TpoiixH OepMa, nojiyneHHBie 
H3 3thx HHceji, npH n >2, HanpHMep, 
X 0 , y 0 , X, He HBJBHOTCH TeMH }xe eaMBI- 
MH, HTO H TpOHXH X, J, Z H3 (7), Tax XaX 
x 0 l y 0 ± x / y, hto bh/jho H3 cjie^y- 
khijhx paBeHCTB x 2 /y 2 = x n /y n = 
= (x 2 /y 2 )(x n ~ 2 /y n ~ 2 ). 3HanHT paBeHCTBO 
(13), npe£CTaBjieHHoe b (JjopMe (12) 
onHCBiBaeT ApyroH npaMoyrojiBHBiH 
TpeyrojiBHHx, otjihhhbih ot TpeyrojiBHH- 
xa, onpe/jejineMoro mnjiaropOBOH Tpoii- 
xoh x ff y ff z. 

BepHeMca TenepB x npe^nojiojxe- 
hhk) o tom, hto ijejioe pemeHHe ypaB- 
HeHH^ (7) cymecTByeT. 3 to npeflno- 
JI05XeHHe 060CH0BaH0 tojibxo b tom 
cjiynae, ecjra BBinojiH^eTca paBeHCTBO 
(13) b i^ejiBix HHCJiax. Hto6bi npOBe- 
pHTB CnpaBe^JIHBOCTB (13), Heo6xOAHMO 
npOBecTH Taxne hkq nocTpoeHHa, xax h 
paHBine, Tax xax ypaBHeHHn (7) h (13) 

H^eHTHHHBI nO CBOHM CBOHCTBaM. 3Ta 

nponejiypa Mo^xeT 6bitb npoAOjnxeHa ^o 
6eexoHeHHOCTH b HanpaBjieHHH yMeHB- 
HieHH^ I^eJIBIX HHCeJI npH yCJIOBHH, hto 
noejie^OBaTejiBHOCTB 3anenjiaiomHxca 
paBeHCTB HHxor^a He 3axaHHHBaeTca, a 
HHCJia H3 (12) Bcer^a nejiBie. Ecjih >xe 
3to He Tax, T.e. HHCJia x 0 2 ny 0 2 b ( 13 ) oxa- 
3BiBaiOTca ,apo6HBiMH, to 3to 03HanaeT, 
hto pemeHHe (7) He cymecTByeT b ch- 
CTeMe npuMoyrojiBHBix nnceji. fl,pyrHMH 
cjiOBaMH, HenejiBie x 2 h y 2 yxa3BmaiOT 
Ha OTcyTCTBHe nejioro pemeHHa (7) hjih 
HyjieBoe pemeHHe b chctcmc np^Moy- 
TOJIBHBIX HHceji H HeB03M0»CH0CTB nO- 
jiyneHHa (7) H3 i^ejiBix HHceji. C Apyroii 
CTopoHBi, 6ecxoHeHHaa nocjieAOBaTejiB- 
hoctb 3aijenjnnomHxca paBeHCTB (13) 
Be^eT x 6eexoHeHHOMy yMeHBmeHHio 
nOJIO}XHTeJIBHBIX i^ejiBix HHceji, hto He- 
B03M05XH0, H 3HBHHT npe£II0JI05XeHHe O 

tom, hto cymecTByeT ijejioe pemeHHe 
ypaBHeHHH (7) npH n >2, HeBepHO. Ta- 
xhm o6pa30M, TeopeMa ^oxa3aHa xax 
^ji^ Bcex neTHBix, Tax h Bcex HeneTHBix 
CTeneHeii i^ejiBix HHceji. 

2.3. 06cy5KAemie pe3yjibTaTOB. 

HTax, nojiHoe AOxa3aTejiBCTBO th- 
noTe3Bi Enjia AOCTHraeTca, ecjm hc- 
nojiB30BaTB MeTOA OepMa, Ha3BiBaeMBiii 
6ecxoHeHHBiM cnycxoM, no^po6HO H3- 
ji05xeHHBiii BBime. flpyrne mcto^bi h 
p e3yjiBT aTBi Tax>xe ^eTajiBHO onncBiBa- 
lOTca b npe^BmymHx pa3^ejiax. Cjie^yeT 
yaejiHTB oco6oe BHHMaHne nocTpoeHHio 
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ijenonex nponopi^HH (8), npHBO^mHx 
x 6a30B0My paBeHCTBy pa36HeHHH (12). 
3to paBeHCTBO ocHOBaHO Ha no^o6nH 
pa36HeHHH z” Ha ^ea h Ha TpH cjiaraeMBix 
AJia napBi ijejiBix nnceji x Q , y 0 , 0,aH03HaH- 
ho npeACTaBjiniomHx rnnoTeTHHecxoe 
paBeHCTBO (7). Oeo6o Hy^cHO otmcthtb, 

HTO 3TH pa36HeHHH HMdOT C06CTBeH- 

Hoe reoMeTpHnecxoe npeACTaBjieHne, 
6y,ayHH pa36HeHHaMH w-MepHBix xy6oB 
Ha MeHBnme w-MepHBie xy6xi, a npe#- 
CTaBjieHne i^ejiBix CTeneHeii z", x”, y”, 
x n , y n b BH^e jiHHeiiHBix 0Tpe3X0B Ha 
AByMepHOH pemeTxe npaMoyrojiBHBix 
HHceji HBJI^eTCa HX Heeo6CTBeHHBIM 
(improper) npe^CTaBjieHHeM. TaxHM 
o6pa30M, pa36neHHa b (12) aBjiaiOTca 
paBHBIMH n0^o6HBIMH pa36HeHHHMH 
w-MepHBix xy6oB, xor^a o^hh H3 TepMOB 
^ByxHjieHHoro pa36neHH5i pa36nBaeTca 
Ha rbg i^ejiBie nacra c noMomBio i^ejiBix 
x Q , y 0 b «-MepHOM apH(f)MeTHHecxoM npo- 
CTpaHCTBe. 

3. 3aKjiioHeHHe. 

PemeHHe THnoTe3Bi Ehjih co^ep)XHT 
b ce6e onncaHHe hoboto THnoTeTHne- 
cxoro MaTeMaTHHecxoro oGnexTa c npo- 
CTBIMH CBOHCTBaMH, 06 yCJI 0 BJieHHBIMH 
tojibxo ero BHyrpeHHeii CTpyxTypoii. Ha 
PhC.1, B3OTOM H3 [3], M05XH0 yBH^eTB 
3Ty CTpyxTypy, cocToamyio H3 nojjoG- 
hbix npaMoyrojiBHBix TpeyrojiBHHxoB, 
nojiynaeMBix H3 nn(J)aropOBOH TpoiixH 
nnceji z, x Q , y 0 , xapaxTepH3yiomHx rn- 
noTeTHHeexoe pa36Hemie (7). 3 tot th- 
noTeTHHecxHH MaTeMaTHHecxHH o6bcxt 
npejiCTaBji^eT co6oh 3aMXHyTBiii ijhxji 
TO) x^ecTBeHHBix npeo6pa30BaHHH o^ho- 
ro h Toro )xe pa36neHHa z n = x n + y n : 

Z r- =X »+ r z „ =(x ,+yn )+ n 

i t 

z” = z"- 2 ( x 2 + y 2 ) z” = X ; +y" + „ 

PaBeHCTBO yxa3aHHBix 3AecB pa3- 
6HeHHH o6ocHOBBiBaeTca npe^no- 
jio)xeHHeM o tom, hto ijejian CTeneHB 
n >2 MO)xeT 6 bitb pa36nTa Ha £Be 
i^ejiBie nacra, hto aBTOMaTHHe cxh Be- 
Ae t x no^o6Hio h paBeHCTBy c cbmhm 
co6oh o^Horo h toto >xe pa36HeHHn, 
npe^CTaBjieHHoro b BH^e cyMMBi £Byx 
HJIH Tpex HJieHOB. B $H3HHeCXOH HH- 

TepnpeTanHH ypaBHeHHa (7) (cm. 
[6]) CTeneHUM n >2 eooTBeTCTByiOT 
w-nacTHHHBie i^ejiocTHBie xoMnjiexcBi, 
XOTOpBie HeB03M0)XH0 pa3^eJIHTB Ha 
A Be /jpyrne w-nacTHHHBie nejiBie nacTH. 
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Hx mo5kho npe^CTaBHTb Ha AnarpaM- 
Me C0CT05IHHH 0 1 H 0 2 PHC. 1 TOJIBKO 
b BH^e pa36HeHH5i Ha TpH ijejiBie na- 
cth, onncbiBaiOHiHe nepenyTaHHtie 
(entangled) cocto5ihhji, He ABjunomHe- 
c a cynepno3Hi^HeH hhctbix cocto^hhh 
Oj H 0 2 . 3T0T (j)H3HHeCKHH (J)aKT KaK 

pa3 h £OKa3BiBaeTca Bcjihkoh Teope- 
moh OepMa. 

HTax, o6o6nieHHaa TeopeMa Oep- 
Ma noKa3BmaeT, hto H3 ijejiofi HopMBi 
I^ejioro HHCJia Z HCB03M05KH0 nOCTpOHTB 
flByxnjieHHoe pa36neHHe z n Ha Apyrne 
n- Bie CTeneHH ijejiBix nnceji. ,3,OKa3Bi- 
Baa TeopeMy mcto^om ot npOTHBHoro, 
mbi nonaraeM, hto Taicoe pa36neHHe 
BCe-TaKH B03M05KH0, T.e. CflHHCTBeHHOe 
nocTpoHMoe TpexnjieHHoe pa36neHHe 
aBjiaeTca o^HOBpeMeHHO h ^BynjieH- 
hbim pa36neHHeM, hto He npOTHBOpenHT 
norHKe npeACTaBjieHHa TpexnjieHHOH 
CyMMBI flByXHJieHHOH. TaKHM o6pa30M, 
paBeHCTBO (13) flBJIfleTCfl JIHHIB KOHCTa- 
Taipiefi H3HaHajiBHoro npe^nojiaraeMoro 
paBeHCTBa (7), a yTBep^emie 0606- 


nieHHOH TeopeMBi OepMa mojkho chh- 
TaTB MaTeMaTHHeCKHM OTKpBITHeM, H^y- 
hjhm Bnepe^H CBoero flOKa3aTejn>CTBa. 
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